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be By Cuaruzs E. Supier,* M. Am. Soo. C. E. gait 
This paper presents a study followed by a set of curves for 
the dependable stream flow to be ‘expected due to a given reservoir 
- founded on a pay paper r entitled “Storage to Be Provided in Impounding aa 
voirs for Municipal Water Supply”, by A Allen Hazen, M. Am, Soe. C. E. 
H 
| 
to them, believed to be equally reliable, those high 
use or draft not by these “seasonal” curves. ad hoz 
The paper: also discusses those factors due to a reservoir da 
a tributary, or at. a point some distance up stream from the point of use, may i 


less useful than one having point of use corresponding with the dam 
8 


site; ; and develops a series of curves for predicting the dependable flow at the =“ be i 


int-of use in all such instances. The percentage of time during which Med’ 


egulating reservoir mi may remain only partly full, and the length of continuous eee 


at} 
periods of partial depletion of storage, are also discussed, and diagrams are 


resented to solve these problems. pat og. to, bods to. ati 

oi the of computations are made, assuming | storage “capacities 

use as determined by 1 the diagrams, and applying them ‘to variou 
nu 


for which flow’ covering a period of years” were available. 


i 1 The New York W Water ‘Power Investigation has completed a thorough stud 


of the water ‘power possibilities in in New York State, in the course of which 


fell to the writer to study, ‘the ‘hydrology of the streams and 


‘Tegulating effect’ of such reservoirs as could be found | on them. 


the simplest case, involving» only one practicable reservoir site, 


proble m was” to determine its most economical capacity and the dependable 


flow which ‘it would insure at the dam site. In other instances a number | 


good storage ‘possibilities were found and many scattered ‘power sites existed 
on the same wwater- shed. A further complication Tay i in the fact that the run- 


a off at ‘some power sites ‘greatly exceeded. that at the ‘reservoirs. As the mos mak 


economical capacity could only be found after comparing the Euisied flows 


“po 


NotTE.—Written discussion on this paper will be closed in March, 
closed the paper, with discussion in full, ben in Transactions. 
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attack the usual methods would have involved a amount of 


detail work. It was also realized that consistent results could not be expected 
changes capacity or i in point ‘of regulation were 


in Impounding Reservoirs for Municipal. Water * offered a promising 


for effecting: this wholesale r regulation study within the 
available, and proved to be of the greatest value. The dependable flows indi- 


cated by Hazen’s curves” were checked by many ‘direct: studies of discharge 
with gratifying results. It) was. found that these curves gave q 


i ‘sistent relative solutions, whereas the older ‘method. was most “unsatisfactory, 

owing to insufficient dates off of halsitay 8 bobasot 


application: of; the two. easily derived the coeflicient 


rates of draft. The writer, in ‘this paper, a set ‘that 
B td are > believed to be more nearly correct than those of Mr. Hazen for high rates — 
es draft, involving large | quantities of storage. Although the treatment in 


y respects follows that of Mr. Hazen, it ‘differs. 
in some details, paper ‘presents a discussion of 


ey 


‘dependability of the regulation. In most them the matter is 
- dismissed by stating in substance that the proposed ‘use or draft represents 


‘the minimum flow during some period for or 


usefulness of storage is frequently ain 
P i p lotting the flow to be obtained d from ' usin all the storage ca écit each year, 

¥ The resulting flows. are then drawn as a regulated “flow- percentage o of time” 


. ie curve, and it is assumed that after ‘regulation similar flow will result, To the 


writer such a method does n not appear trustworthy First, because the original 
7% record of flow i is ‘usually too short to portray all typical future epnditions; and, 
a second, as the flow is not known in advance it is impossible? to release the 
aoe storage s so as to maintain steady flow without, either surplus or deficiency at the 
end 1 of the season. I * would seem more desirable to adopt a method such ¢ 
‘Hazen offers, by which a dependable flow is for some percentage of 


future years, such as 90 or 95% of the time. 
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STORAGE AND. REGULATION: OF STREAM, FLOW 


run- n-off” ig that value which is exceeded during. 90% of the time; “ “90% year 
- seasonal storage” ’ is that quantity which will be sufficient during 90% of the 

time; and “90% regulation” refers to that flow which can be dependably 


3 tained during 90 out of every 100 years. | The average annual stream flow at 
point under examination is taken. as unity, and drafts, are expressed, 


this a average stream flow. . sib viites 


* Tmpounding _Yeservoirs may be used in two general ‘ways. 
that the storage capacity provided 1 v will be sufficient to ‘maintain not less _ 


Such regulation takes cognizance of ‘the fact that ‘years of low 


will oceur, and provides : storage, if required, to make up any deficiencies during 


* these dry years. A part of the ‘storage may be used « only occasionally ; on — 


other hand, the reservoir may not be full throughout a period of years, 


The other type, frequently used for power purposes, particularly here 
‘small. storage available, does not attempt to maintain a given minimum 


s flow at all time but rather to utilise all, or nentiy | all, the storage each year, 2 


80 as to secure > the 1 maximum | possible energy available with the installation. 


: _ Regulation as here contemplated provides for the release of stored water 


pes the natural flow falls below an assumed 1 rate of use, OF draft, although 
in practical operation it ist possible to operate the storage so as to secure, 


at times, additional flow without sacrificing the dependability of the assumed 


Regulation for water supply, or power purposes may serve re i 
‘reduce flood flows, 


are operated strictly for ‘they 


SEASONAL, anp MontTaiy 


ait Beet cheba is a term used to measure the deficien ncy y of flow in respect ; 
to a given rate of draft or use during some one year. _ It represents the quan- 


igs 
- tity of water which must be released during the year to maintain the = 


‘sumed draft. It does not necessarily indicate the reservoir capacity required, 
may be, seen in Fig. In this diagram, ‘the seasonal storage required 


each: of th the four years is by the ordinates a, b, ¢, and d, 


while the ‘total storage needed for these our years is ‘equal toc plus NAS ane 


i i ‘If, during ‘the period for which regulation is. provided, the total flow of te 


one.or more years is less than, the assumed draft, seasonal storage alone bias es 
be insufficient, additional | capacity, to be filled. during wet years, must 


be provided ‘to make good the deficiencies of the very dry years. . In Fig. 7: 


this. is. shown, by e which measures ‘the annual deficiency of the first. two 


years. “This is called ‘ “annual” storage or deficiency. 
“Monthly”, storage is an expression herein used to define seasonal stor- 


age minus annual deficiency for any typical In 1 for the thir 
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STORAGE “AND REGULATION, OF STREAM FLOW 
year, the seasona 


alt a JONSIDERATIONS .0 OF ANNUAL STREAM FLOW AND - 


‘Applying: the of probabilities to the study of stream flow Mr. 


‘annual fluctuation, using an | appropriate coefficient of vatiation (0 V) of 
annual flow to express the type into which any stream would fall. Stream > 


flow, of the type Tepresented by this, V might | be. exp pected to fluctuate be 


_ tween "linsite which, for any given “period, increase with the increase of C ve 


‘Using ‘an appropriate ‘ ‘run-off-percentage of time” ’ curve, as based on 1 the 
<a computed | Cc V, the t theoretical ‘run-off of al all the years of a stated period 
may be and, b y chance ‘selection. ‘of. these annual values, an arti- 


ficial record may be constructed. oat 96 AY 


at 


i 


ah 0 as is ‘thought that a long artificial record built up in this way offers a 


much more satisfactory ‘means of studying annual deficiencies than arene aa 


a3 erally rather short- flow records as are available for American streams. When 
of draft are considered, the deficiencies occasioned by a a sequence 
of dry years are of great importance, but a ‘flow record: of even 50 uke 


- duration does not completely cover the range and frequency of such deficien- 


cies. For example, suppose the: fluctuation s of ‘annual run-off of a stream 


for 10 years could be measured by ten definite v values. ‘The number of pos- 


wie 


— 


bible’ arrangements of these ‘ten values is 80 great that a | period of 36 288 000 


might elapse before any particular sequence of 10 years would ‘be 


Having a “annual run-off-percentage time” curve 


ate tor stream ‘expressed y its an n artificial record 
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pgth may | be built up by dividing the curve into 10 
selecting the values read at the middle of each part. As sequence is obtained 
_ by drawing the. numbers representing the annual run-off values by some 
chance method. In the p present instance. fifty annual ‘Tun- values were 
selected and put on cards, which were shuffled and drawn one by one until 


whole fifty were used. Twenty suc ch drawings | were made, thus providing 


= made as to the depletion at the be ead of 
year. These depletions 


DURATION OF 

ANNUAL DEPLETION 
Computed from 500 
_ Theoretical Runoff Series 
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Deple 


ves one is struck by the fact that although 416% 


+ equal to the flow (1, 0) at of the time, 


the time. It is also noted that the stora 
time is greater | when the computation is based on a sone record than | on 
short one. This is shown in Fig. 3 which ‘embodies the same storage curves, . 


the addition of lines” intercepting the quantities required for 10, 2 


e 50, and | 100-year periods. These values were ¢ obtained by computing Lad 


mum | storage required ‘for each draft, for each period of 5, 10, 20 0 years, 


that lax: 
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vy. ual storage requirements the first it 
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AND REGULATION OF STREAM FLOW 


with the assumption of definite stonage: values for drefts; thes 


i approximating ac actual: regulation. For, each’ draft number of reservoir a 
capacities were assumed, and with each capacity the years of deficieney fol 


lowing the use e of were noted. tes 7-000 


)RELATION OF LENG?PH 
Computed from 500 Yr! re 


! Deplet 


Cumulative Annua 


Bu enlue 


e fTime 


cedure. thie is as may be seen in 1 Table + which 


TABLE 1.—Reservor Dep yn. Dt t= Averace Run-Orr (1. 


Year, 


| 
0.18 


440.08, ; OF 
4 


gioteeedt todd, i at 


By the ethod, assuming a reservoir of infinite « capacity, ‘the stor- 

e for would which is ‘the nineteenth largest 
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itm 
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REGULATION 
value of depletion. a reservoir with a cap: 


_ sumed, it is seen that the draft of 1.0 can be maintained during the first 5 
¥ 


years, with a ‘deficiency of 0.25 in the sixth year. In the seventh year 0.16 of | 


- water is in the reservoir, which i is sufficient to carry the draft over the eighth, ee 
¥ ninth, and: tenth dry years. In the eleventh year the reservoir is refilled to 


tt prt, 


the extent of 0.29 and the end of the ‘fifteenth year, ‘it is ‘completely re 
filled, and is never ‘thereafter e entirely emptied. Actually, then, storage’ of 
0.44 is sufficient for 19 out of this 20 years. tdo 


Graphical Use of Artificial Record—The' mass eurve offers a ‘convenient 


"means of studying ‘storage as the cumulative flow at every point « of time is 


graphically. \ For this\ study instead of ‘plotting the accumulated fl flow 


at the end of every: year, the accumulated surplus or deficiency relative to 


j Ky 
the average run- -off, was used.\ The result is the same as” if values 
point “usual ‘mas curve were reduced by the product o of the 


average flow “into the number of years to. each | “point. In this form nar- 


\ 
strip of eross- section paper, as in Fi ig A, is sufficient for the diagr 
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for Porticulay 19 Yebr 
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tees ‘The study was made using a C V of 0.16 for the artificial stream, although — 
“would have been somewhat ‘simpler to use off "variations expres: ed ac, 
rectly in _terms of Smooth curves were drawn through the 


Points: based on certain principles as ‘follows: 

‘ (a ) Annual | deficiency of flow begins for any draft at that percentage of 

ime’ at the annual run-off just equals the draft. for example, the 


nnual run-off exceeds 0. 9 its average value during, ‘aay, 60% « of the a 
be required during this 60% , of time. Thus, the 


eginning of each ° ‘annual storage-percentage of. time” curve is located. 


(b) When‘ draft is selected equal’ to the run- off of the dryest yee year 
the period considered, no ‘annual storage is required. For a small increase 
in draft a deficiency will oceur ‘in only one year of the period considered, Se 


and: as long as this condition holds for a given increase in draft there must — 


equal increase in. storage, If storage is plotted a against the te 
aft, both the same scale,’ the curve must have a ‘minimum of 


ae, 
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and diverge upwardly ite 
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RELATION. or V to Storace 


ee the annual ‘storage computations were made for a theoretical stream wae 


“of which 0.16. Hazen has : shown that if storage is expressed 

terms ‘of C drafts are taken. as 1— V a constant), then for any 
given storage draft, the draft be maintained through the 


of years and the deficiencies will be directly proportional 
. Hence, “the results obtained with the 1 00-year recor can be reduced 


ten ms of C V, as shown in: n Fig. 5. 4 


ANNUAL STORAGE — 
PERCENTAGE OF TIME 
In Terms of Coefficient 
of Variation (CV) 


wor, 


Percentage of 


a -depletion- draft -eurve will result, indicating even 


case of zero draft. It is seen in ‘the theory of skew-frequency curves, ‘bow 

ever, that the C must be less than one- e-half the coefficient of skew, as other- 

wise the run- -off cu curve would ‘Tequire negative run-off during ‘the dryest 3 years. 


4 Since in this study a constant coefficient of skew is assumed, the Taaion 


N ew York ‘State ‘streams an average | coefficient. of "shew 0 0. 60 has 


been selected, thus automatically limiting the cv of the streams. consid- 4 

to or less. ‘For any larger Cc different curve having greater 


to ‘Seasonal storage is a. :of! the, deficiency in respect to a given 
rate of flow during single years. - Hazen, in his study, | which embraced the 

flow of streams in various ‘sections of the ‘United States, found, at least 

far as was disclosed by ‘the considerable amount of data at hand, that 


whose characteristics q 

: shown by 2 annual time” euryes differed q 
For ex sumi 
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AND REGULATION OF “STREAM FL ow 
un powder J River required an average storage equal to 5 
storage equal to 7 72 days’ flow. The South Platte River | re- 


storage of. days’ flow and 95% storage “equal to 127 
days’ { flow. In both cases the difference between the average and 95% stor- — 


age is 67 days? flow at the assumed draft. The 95%-year annual run-off 


. the South Platte River is ‘much less than that of the Gunpowder River, 
p but this" does not affect the relative differences between the average and the — 
95% ‘requirements as expressed in day’s flow at t drafts, that are equal — bee 
tions of the average run-off in both instances. 


‘ SEASONAL STORAGE—PERCENTAGE OF TIME 
P 


& 
/ 


e in Terms of Average Annual 


\ 


Oo 


Ble \s \s 


AN 


G 


ate j 


he: 


| 


\\\ 


\ 


= 


THI 


TRAN 


> 


| 


2 


foe. seasonal storage in terms of day’s flow at t the as 

at of use or draft, Hazen found that a definite relation between various drafts 
Le holds for all streams; ; also t that a definite number of days’ d raft would rep- 


' Re resent the di difference between the seasonal storage for the average year and 
that. for any other year. Based. on ‘these relations he computed the 
ber o of days seasonal ‘storage required for the mean year, and the 95% : year, 


for various rates of draft, and connected these by skew probability ‘curves — 
to represent the data. The actual values, given these curves. are 


“tween any two rates. or between the one iat 


time and another percentage of time, any 
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5 %-year values .* connected’ by are 
ae ad shown on Fig.. 6. To apply these to a particular - stream for which a few 
"years of flow record are available, the actual average seasonal storage f for 

3 more rates of draft is computed from the flow record i in terms re) 


the ‘mean or _year- on 6, for similar deat, the diferenee, 


"AS based on Fig. 6, affords a more ‘convenient ascertaining 


storage constant for any stream. age storage for any draft 
= having been computed as 3 already outlined, the diagram i is entered with this 


= 


_.|Draft in Terms of Average 
|Sterage in Terms. of Average Annual Runoff. _ 


ANN 


a 
@ 


Aver 


the 


oF the Seasonal Storage -When 


a 


‘steam f flow certain inconsistencies appear, as follows: ‘For the 1 ‘draft 
adopted an arbitrary quantity of 160 mean-year storage, 

n Fig. 8 this i is represented 

A Be the draft is increased the must ‘inerease also. “At some 
draft, equal to the highest rate of during the “year, the “seasonal 

_ storage required will be equal to the draft minus the annual run-off (Draft—1), af 
this relation will hold for all higher drafts. That is, the 

: “3 will eventually become tangent to the straight line, BC, which has a slope _ 


degrees. The complete ‘storage curve for 0 O-day constant will then 4 


be the line, OA @. For some other stream having a 56- ‘day constant, for 
example, Hazen’s curve will be O H.. This is obtained by subtracting 56 
days’ storage from the 0-day ‘curve, for each draft. This curve, evi- 

dently cannot become tangent to the line, B 0, although theoretically should 
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different formula must be cused, and - they. must become tangent to the 
Theoretically, a ‘stream might require more storage than is indicated by 
day constant It would then have a negative storage ‘constant. The 
extreme: case would be a» stream requiring storage equal to a draft for. all 
o rates | of draft. I For a draft of 1.0, 865 days’ storage would be. necessary, and a 
storage ‘constant would become 205 days. The storage curve for such 
a stream would be the straight line, O D (Fig. 8). Al storage draft curves = : 
oretically must. lie ‘between the limiting curves, OD and OB Tt the : 
= run-off the 95%-year, fi for example, is 0.8, the seasonal | storage: for 
year will eventually become equal to Draft —0. 8 when the draft becomes 
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‘Seasonal. storage represents tl the total deficiency of fh flow of single years. 
the. flow for the year is less than the draft. there will be an annual 
deficiency. _ The draft cannot be maintained unless the annual deficiencies — ey: 
are provided for by a ‘Feservoir capacity equal to the combined deficiencies 


the dryest, series of years. expected, plus, a certain of additional 


storage which may be used and again replaced ea r,. . This addi- 
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STORAGE AND REGULATION OF STREAM FLOW 
- tional qu ntity — be given the name “monthly” storage. Its magnitude, 


to combine with annual storage for various drafts, i is to be found. — 
re a Examination shows that ; although the seasonal storage required to main- 


given draft may vary. considerably ‘two having 

a4 the same run-off, nevertheless, as a gen 

storage is least for years of highest run-off, and annual 
- Yanvofl decreases. Thus, it may be said that the seasonal “gtorage-percentage 4 4 


of time” curve is made up of two factors; one due to a decreasing annual — | 

run-off as longer percentage of time is considered, and measuring the q 

ach ‘t annual deficiency of run-off; and the other due to what might be called the — 4 


 aecidental fluctuations within the dryer season of the year. Since, however, 


. the annual deficiency has been studied separately, and provision made for 


it by the use of annual storage, it should not again be included as would — 


an 


i 
be necessary were the total storage for a given percentage of time to be 


assumed as equal to the sum of annual plus the seasonal that 


respe ct to 1.0 Draft 
Bs 
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RAPHIC RELATIONS OF SEASONAL AND MoNTHLY 
“annual storage- percentage of time” and the “seasonal storage- 


itage of time” ’ curves are synchronous with the “ ‘annual run-off- -percentage 
of _ time” curve; therefore ‘the annual "deficiencies for every” percentage of 


time in respect to any draft may be found from the. “annual run-off- -percentage 


of time” and their values subtracted the corresponding ordinates 


the | “seasonal storage- percentage of time” curve. This will leave a ‘a curve 
representing the values of the “secidental’ seasonal deficiencies previously 
mentioned, called the curve of “monthly” storage. “annual storage- 
percentage. of time” 4 curve, when superposed on this ‘ “monthly storage- -percent- _ 
Bae Ft age of time” cu curve, indicates the total storage required. Fig. 9 shows an 
“annual run-off-percentage of time curve” with deficiencies in respect: to a 


deat of 1. 0; and below, a “seasonal ‘storage-percentage of time” curve for 4 


is draft, with the several deficiencies to be subtracted, leaving the so 


‘monthly” storage ‘curve. This follows the seasonal storage curve 
‘that of tim me f the run run- -off exactly: 


itm 
itm 
— 
| 
— 
im 
| 
— 
\ 
¥ 
— 
— 
— 
— 


FOR 


actual annual rv run-off for fifty- years of is in order of. 
ide the theoretical if ‘run-off- percentage of time”. curve, for 


in Fig. 10, as values obtained ‘by 
actual annual deficiencies from the seasonal storage. The corresponding 
curves ate re also drawn. ‘aceidental” fluctuations of. seasonal 


cures seem m to repr 


| 
well. 


odt 
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Theoretical | 


are 


break sharply at the percentage time when the run-off just “equals: 


draft, the curves of total s storage as obtained by adding the annual storage 
the monthly storage values for identical percentages of time, | fair 
"throughout. their length, as should no doubt be the case. Where large. draft A 


is ‘and the. stream has a high V, however, the rate of curvature 


pidly beyond that. perceirtiige of time for which the run-off just 


ot annual ‘deficiency, te ‘be ‘subtracted froxi seasonal storage in 
order to ‘produce the ‘monthly storage are taken from. Fig. 12.) Con- 


ge 
| 
lal | 
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time, 0 draft (Fig. 8) is 0. 66, and subtracting the 0. 435 annual 


deficiency from this leaves 0.225 as the 95% monthly storage values 
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1.0 Draft  0.0Storage Constant 
Effect of Coefficient of Variation 


nit 
ANNUAL RUNOFF 


PERCENTAGE OF TIME 
For CV= 0.1 to CV=0.3 © 


of Years not shown) 
Ste 


Runoff i 


- 20 30 40 5060 70 80 90 i *"50 60 70 80 90 95 99 


‘Fie. 11. oon 12 


| sto orage for 3 and 1 draft (Fig. 13) i is 7. A units of 
== 2, 22; and the total storage equals 2.22 + 0. 225, or 2. 445 times 
annual rv run- -off of the stream considered 
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ANNUAL STORAGE 
IN TERMS OF COEFFICIENT OF i 
FOR CV FROM 0.1 TO 0.3 


//i 


The complete : storage curves as computed for 90%, 95%, a and 99% of t “idl 
shown on Figs. 14, 15 and 16 ‘wot 
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he dependability of ‘the ‘curves, stor: has beim as 
comput d cv, storage constant, ‘percentage | of time, and draft, for 


localiti les W with the results shown ‘herewith. In the first 


annual stora age was tested, and i in the remainder, total storage. 


—Annual Storage. | River at at Mechanicville, 
CV = 0.16; 20-year flow record, 
1. mi draft: | Annual storage for 95% regulation = 
esult: Draft maintained 100% of time. 
: 4 0 draft: : Annual storage for 90% regulation = 0.80 as computed. 
il Result: Draft maintained 17 years, time, de- 
17, 1918, and 
draft: Annual storage for 176 as computed 
Result: Draft maintained 18 years, or 90% of ‘time, de- 
it  ficiencies of 0.074 in 1911 and 0.074 in 1915. 
q 


draft : Annual storage for 90% regulation = 0. 115 as computed. 
Result: Draft maintained 18 years, or 90% of time, with de- 
ficiencies of 0.135 in 1911 and 0.135 in 1915. 
0.8 draft: Annual storage for 95% regulation = 0.32 as com ail 
Draft maintained 18 years, or 90% of time, ‘ine de- 


of 0. 108 1911 and 0.1 118 1916. 915. 


a 
- ficiencies of 0.16 in 1883, 0.17 in 1884, 0.10 in 1885, and 0. a in 
= = 1. 24 as 
Result: Draft is ineintsined 45 years, or 86. 4% of time, with de- 


— - ficiencies of 0. 17 in 1880, 0.21 in 1881, 0.17 in 1882, 0. 22 in 1883, 


0.17 in 1884, 0.10 in 1885, and 0.16 in 1886. 
regulation = 0. 45 as 
Draft maintained years, or 90. 4% of time, with de- 
ap  ficiencies of 0.08 in 1881, 0.07 in 1882, 0. 12 in 1883, 
09 draft: Annual storage for 90% regulation = 0.33 as computed. 
7 Result Draft maintained 44 years, or 84.6% of time, with de- _ 
ieee \ io ficiencies of 0.07 in 1870, 0.08 in 1871, 0.09 in 1880, 0.11 in 1881, 
— 0.07 in 1882, 0. 12 in 1883, 0. 07 in 1884, and 0.06 in 1886. sis 
0.8. draft : Annual storage for 95% ‘regulation = 0.20 as computed. — 
Result: Draft. maintained AT years, or 90. 4% ‘of time, with de- ey 
_. fieiencies of 0.11 in 1870, 0.02 in 1871, 0.01 in 1880, 0.01 in 1881, 


0.8 draft: Annual storage for 90% regulation = 0.11 as computed. 


Result: draft maintained 45 yéars, or 86.5% of time, with de 
ficiencies of 0.20 in 1870, 0.02 in 
Swe 01 in 1881, and 0.07 in 1891. 


—Total Storage—Hudson River at M 


OV = 0.16; 60-day storage constant; 20-year ‘ton record 

; draft: Storage for 95% regulation = = 1.45 as computed. a 

Result: Draft maintained 20 years, or 100% time. Storage 
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Draft maintained 16 years, or ‘or 80% of time, with deficien- 
it a tot oldasing cies. of 0. 01 in 1911, 0.12 in 1912, 0.02 in 1917, and 0.07 in 1919. 
§ draft: Storage for 95% regulation = 0,46 as computed. 


Result: Draft maintained 19 years, or 95% of time, with ase 


9 draft: Storage for 90%, regulation = 0.40 as ‘computed. 
a Re Result: Draft maintained 18 years, or 90% of time, with. 
te: cies of 0.02 in 1910 and 0.07 in 1911. 
0.8 draft: Storage for 95% regulation = 0.35 as computed. 
Result: Draft maintained 20 years, ‘or 100% of time, but actual 
storage of 0.33 is needed in 1908, 1909, 1911, and 1914. 
8 draft: Storage for 90% regulation = 0. 30 as computed, 
Result: Draft maintained 17 years, or 85% of time, with deficien- 
cies of 0.03, in 1908, 0.03 in 1909, and 0.01 in 


4--Total Storage. —Croton River, New. York.— 
CV = 0,25; 33- -day storage constant; 52-year monthly record. 
0 draft: Storage for 95% regulation - = 2.06 as computed. 
| Result’: Draft maintained 47 years, or 90. 4% of time, with deficien- a 
cies of 0.24 in 1883, 0.07 in 1884, 0.22 in 1885, and 0.14 in 1886. : a 
1.0 draft: Storage for 90% regulation = 1.47 as computed. = : ; 
: a 2 Result: Draft maintained 45 years, or 86. 4% of time, with deficien- 
of 0.24 i in 1880, 0.16 in 1881, 0.02 in 0. 07 
1884, 0.22 in 1885, and 0.14 in 1886. lite 


Cy of 0.16 in 1880, 0.12 in 1881, 0. 33 | in 1883, 0.02 in 1884, 0. 17 ; 
0.95 draft: Storage for 90% regulation = 0.82 as computed. 
ationyas | Result: Draft maintained 45 years, or 86.4% of time, with deficien- a 
of 0.07 in 1872, 0.30 in 1880, 0.12 in 1881, 0.33 in 1883, 0.02 
0.9 draft: Storage for 95% regulation = 0.69 as computed. 
Result: Draft maintained 47 years, or 90. AY of time, with leficien- 
cies of 0 02, 0.05, 0.22, and 0.11, od! Bhires 
ME 0. 8 draft: Storage. for 95%, regulation 0.44 as 


io Result: Draft maintained 48 years, or 92. 3% of time, with deficien- 


(0.7 draft: Storage for 95% regulation = | 0.33 as computed. 
...) Result: Draft maintained 51 years, , or 98% of time, with defiolimoy 
The deficiencies after regulation are due, i in the ¢ cases s of the higher drafts, 


fg ‘continuously. from “1879. to 1886. iy “For, lower “deficiencies 
occur one or two years at a time, and are due to | seasonal fluctuation as re si 
as to low annual run-off, wil wor! to 
odt Examination of the tests ‘seems to indicate that even a 20- -year flow rd 
is mot sufficient i in itself to. provide consistent, reasonable results when 
drafts: and percentages of time are considered. Thus, the theoretical annual 
_ storage for 95% ‘regulation of the Hudson River for 1.0 draft maintains the a 


~ flow 100% of the > time, while the. 90% storage maintains it vonly 85% of the 


j Br time, with deficien- i 
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time. The ‘annual storage 90% ‘regulation, also sufficient fo 


LY 95% of time. There seems to be no assurance that the vraloesbae Md dry years 


in one 20-year, record will be similar, in re respect to storage requirements, to 


¥ 


having’ C V of 0. 30 For larger coefficients the 4 
i computed from Fig. 5 will be too | small, since the coefficient of skew should 4 
be greater, _ corresponding to more years of deficient run-off. _ However, a test ax 
has" been ‘made of the annual storage required for the Murray River, at 

y Australia, having a computed CV of 0.53, as s based on a a run-off of | ry 


8 calendar years. The. theoretical ‘annual storage. “needed, as: taken from 


1.0 95% annual storage = 39 0V = 8. 92 average run-off 


computed storages” it was found ‘that the theoretical 95% 
storage maintained th the draft ‘for 92% of ‘the years; th 90% ‘storage, for 


85% of ‘the years; and ‘the 80%. storage, for. 7 5% « of the years. 
The annual run- -off of this river frequently reaches 175. to 200% of its 
average, or falls as low as 55% of its average, ‘while i n 1903 the run-off fell be 


to 0.16 of its average. The ‘computed coefficient of skew (C8) i is 1 48, whereas a 

the — curves used were based on a C9 o eet at 


oft PERCENTAGE or Y EARS. W HICH Panta Depetion Occurs 


Stee In Fig. 17 an “annual run- -off- percentage: of time” curve is drawn. As 


Be suming no regulation by the use of storage, a nominal draft or installed wheel _ Pa 
a capacity equivalent | to 0. 947 mean stream flow ‘could « operate at ‘full capacity 


Gi) oe 


- for 60% of the time, after which the rate of flow becomes ¢ deficient, ‘dropping ia 


SL! 


o 0.0 at 100% of the time, as shown. Computing the area below the draft 
a) line and the run- -off curve it is found that with installed capacity of 0. 947, an 


_ average use ¢ of 0. 907 could be obtained, and the natural flow would exceed oe 


this average during 12%. of the time. The deficiencies in respect t to thi 
average use are measured by the b, which, is equal to the area of 
installations, 01 


Computing thus the average. use ‘available for various 
“nominal drafts”, >a curve el be drawn as in n Fig. 18. acts this diagram the 


» 


OV. be 60% of! the and the average use 
available to an installation equivalent to’ ‘this draft, is 0.57 4 
the intersection ‘the lower curve with the 60%, ordinate. Following’ this: 
‘average use of 1 — 0.57 horizontally to’ the right, its intersection with th 


run-off or nominal draft curve occurs at 10% of the time, indicating that this 
average use may be: exceeded Caring 10% 08 ‘years. if ‘the stream being 
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= 0.947, and the average use = 0.907 Fie: 


= must a taken from flow that exceeds the ‘nominal draft or hiner 


is reasoned that as a general condition this probably will be ‘taken 


wi ith 


of 0.907, , there will be 6 60 years ‘during which ‘the run- n-off is: igh that 
the reservoir is completely filled and waste flow o occurs; 10 years ‘(between 
_ 60 and 70% of the time) during which the run-off exceeds the ) draft, but not 


sufficiently 1 to make good the: entire depletion ; and 30 years (between 70 
and 100%): during which the run-off! is deficient in respect to the draft, and 


storage must be drawn upon. wolt Ini toy-000 odd to 
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ERCENTAGE OF YBARS RESERVOIR 
BE COMPLETELY FULL. DEPLETION OccuRs._ 
ibe 
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‘Following this argument the two curves of Fig. conditions” 
no annual storage and with storage for 100% of the time. Thus, for 


draft) (equal to the average stream flow) with complete. regulation, the 


be exactly full-1 year in 100, or 1000, o or whatever 
assumed as as 100% of th depletion will: continue for 


be full during ‘the wet years in each: "100, and partly depleted during the 
years. The intersection with the ‘two “curves of a horizontal 
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ad For intermediate conditions, for 


them straight lines. As an example of having 
OF 0 .2, and a draft equal to 0.9 of the mean stream flow or. 1— 0.5 ov. 

The diagram shows that this draft would be maintained 67 % of the years 

without any storage. Now, if. storage is provided to regulate for 90% of the 

: ‘ee time, the reservoir will be in a partly depleted condition during 42% of the 

oy Although perhaps Fig. 19 is. not ‘entirely conclusive, it does, take into 

E ae ccount the most severe condition of draft.. As a check on its construction a 5 

an examination of the 10 000-year artificial flow record was made with ‘storages 


sufficient to maintain for various of time, for. a drat 


the e probable longest periods duriig which reservoir wil 
be ‘partly dep leted, ‘an examination 1 000-year artificial 1 was: 


ti 


the te en st periods in ‘each instance were taken as the 
of the longest continuous s periods to be expected once in 100 years. ti Tl he ae a 
ae shown on Fig. 20. iv Interpolating for if a stream such as the Hudson eis. 


the periods are as given in Table 2. age ipa 
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LENGTH OF CONTINUOUS PERIODS | 


TO BE EXPECTED ONCE IN 100 YEARS 
__ Computed for CV=0.10 to 0.30 


Length of 
2 8:8 
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in » 100! years, then run- -off will be continuously | less than: 0.98 ; 


‘year period, it will be less than 0.90. Tig. 


TABLE 2 OF ‘ParriaL Depierion ‘FOR 
‘Hupsow River (OV = 0. 16). Yo to” 


Assumed draft,’ Length ¢ of depletion pefiod, 
(mean stream flow). Percentage of regulation. years. hae 


may | be by exa 

Natural stream flow ap appears on a mass curve genera ly i in form, 


ons. 


each year starts when depletion of the continues on ae: 


the ‘dryer season, and the following wet season, and ends when the reservoir 


os been refilled as much as will be possible that year, and quasi aatl 

te % begins. Considered in this way the year may be as short as 9 n 


% ey ‘The CV thus computed will be larger as a rule than for uniform perio 
of 12 months. Thus, the ov of the Croton River as based on 52 calendar 
years is 0.238, while using ‘ \ ‘years, if expression is 


ae as The ‘possible error in the CV of the Croton River, as computed from 7 


ot oe record, is suggested by 1 the following tabulation, based on calendar years: 


20-year ‘periods. . ...0V ranges from 0.226 to 0. 276 ; ave, = 0.2 
~year periods. . 0. 049 405; 0.245 


ody Not infrequently a reservoir is located some distance above the point ‘of 


use, 01 or on a branch stream, providing a condition wherein the average run-off 
at the ‘power site or point of use considerably exceeds the average run- ‘off 


‘tributary to the e reservoir. . In such instances, as part of the stream flow ‘that Zig 


the point of use does not the r reservoir; arises: 
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heb 4 
compu y the annual ru “off of calendar year 
12-month period, as, for example, the water-year beginnin 
| 
i 
=. 


osition the. ‘reservoir does not affect the ‘natur 


in n the of catchment ar area ca tributary to th the reservoir to 


storage which must be released. 16 aad. SEAT. 0.5 er. 
igs Pall For the purpose of this discussion the whole run-off or stream flow — 
deg Seni of use Wi will be assumed as unity; th the portion: that i is Saibaba the fe 


called ‘the . In ‘Fig. 21, the run- off the point of 


use, “corresponds to a catchment area of 100 8a. miles, of which 60 sq. miles — aa 


r 0.6, 


a 

liaene 


wig con ort £1 to, 
Fre. 21. ~ILLUSTRATION OF STORAGE TRIB TAR 


Flow that passes the reservoir may 
“flow is completely ut ‘off while ‘the flow of 


of use at rates exceeding r the assumed dr aft, the 


On this: depends the usefulness of the storage, so an effort will be 
7H 50) SO, oF wort VS... 
c. daily run- -off- “percentage of time” curve embracing a considerable period 


OF 


‘ot: years may be assumed to give a approximation m. of the relations be- 


a tween various | rates « of flow anid the periods is during which su such flow is exceeded. 
=" As the area enclosed be below. such a curve measures the a average run-off, , the 


4 


areas” above lines ; representing various rates s of. flow or draft “measure re the 


average quantities: of excess, referred to these drafts. From’ study of a’ num- 


ber of “d daily run-off-percentage of time” curves of Eastern streams for which 


constants had been computed, “set curves were 
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— the whole will be called the “tributary ratio”; « -_- 
off, and its proportion to the of use without going through the reservoir will _ 
the portion passing the point o 
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similar storage conatania, but would approximate them show 


increase iny the storage-constant ‘corresponds to decreased flood flow and in- 


of draft Fig. 22, the of Fig. 23 were the approxi- 


mate te volume flowing in excess of a any assumed rate. For example, if an in- 

stallation, were provided equivalent to 0. 8 the average unregulated flow of a 

a having a 60- day storage constant, the diagram shows that 42.5% of Ee 


the average annus Yrun- -off would pass at r tes in excess of this 


annu ould pass 


Maximum Draft. a 100% tributary Tatio (OF storage 
of use, ‘the maximum possible draft will equal the | long- erm average ‘stream: 


“a ow. W ith some smaller tributary ratio, indicating that a part of ‘the run 
_ off does not pass: thr ough the reservoir, the maximum possible » draft, even with 


storage capacity, will be equal to the bw of the - 
area, plus portion of the 3 main stream flow depending on the fluctuations 

of this stream. _ If too large a regul ated flow or draft. is assumed, the water ar 


flowing into. ‘the reservoir will be insufficient to maintain the regulation. 


puted from Fig. 23, follows: arious drafts vat the point of use are 
ssumed, ‘expressed. in terms of the average stream flow of the whole area. 


‘Dividing these drafts by the main- stream ratio. reduces ‘them to o terms 
average flow of the main stream portion. Excess flow, or water lost in 


He 


am lation to these drafts, is taken from Fig. 23 3 and multiplied by the > main-stream 


oy ratio to reduce it to > terms of the whole le average flow. hese e excesses in 
lation to various drafts, subtracted from 1.0, , the “average flow of the whole 


bg area, show ‘the useful flow available for v various drafts, For each ‘proportion 


‘constants « of 0 to 100 Fig. 24. 7 


Maximum Draft w without Annual Storage.— a 
as useful as storage at the point of use as long” as the silchle flow in the 


dryest year considered ‘is “equal to the. assumed draft; for while this condition 
the reservoir can be refilled each hay When the! available flow of the 
di ryest year is less than the annual draft, annual storage will be required. 


- The limi ting draft without annual storage is assumed to bear the same r 
- Tation to the maximum possible draft as the di dryest year 3 run- -off bears to 


the average year’s off. This assumption is made on the theory that 
characteristic “ryn- off- “percentage time” curve for any ry year is of th 
"same type as that of the. average year, as drawn in ‘Fig. 25 every ordinate 


of the: dry- year curve being re reduced however, in the. proportion indicated 
by the cv of the stream. considered. If this i is true, in the dry year both the 
ny and the water available to that draft are reduced i in t the same ‘proportion, 
is used in the: average year, ‘80 9 also will it all 
‘used in the year, 
aa 
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use of annual storage, the: all tributary r tions are the same as 
states for the ‘point of use; therefore, within these 


| 


it 


\\\\\ 


\\ 


\ 


\\\ 
\ 
\\ 


—With storage iat point of't use th re total is 


ste be equal to the seasonal storage minus the annual deficiency plus 


annual storage, all taken for the particular type of run- -off year considered. 
: In this’ discussion the annual ‘deficiency in the 95% or other dry year, i in 


respect to the ‘maximum possible draft for any tributary ratio, is assum 


to be the difference between the ‘maximum possible draft (which represents 
the water required), and the ‘limiting draft without annual storage, for the 


95% or other type year under examination (which represents the water: avail-— 
able in this dry year). For any lower draft the annual deficiency i is assumed 


a be equal to the deficiency in ‘respect to the maximum draft, minus the 
difference between the two drafts considered. ass 


, assume V= 0. 10, 0- day storage constant, 0.4 ‘tributary 
putts? 95%, regulation: ‘The maximum possible draft (Fig. 24) is 0. 748; the 
] miting draft without annual storage is 0.748 X 0. 855* «Se 640. The 959% 


year. annual deficiency is 0. 748 — 0.640 = 0.108. For any lower dr aft, 
69, for example, the annual deficiency is is assumed as 0. 108. minus the 
differ nee between the two “drafts; ‘or; Draft 0. 748° — Draft 0.690 = 
gs — 0 0.058 = 0: the annual 
seasonal lading (Fig. 6) for 
the 0.108 annual ‘deficien 
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This method is with that the flow 
_ for every percentage of time for. a dry year was a fixed fraction of that for 
an average year. The annual ‘deficiency for some dry year, in respect to the 


c maximum possible | draft, actually 1 ‘would be less. than that shown a by the method 


various is not a quantity, but iinereases as the draft increases, 
although not in the same proportion. = The error ‘ror involved appears to be only 

about 38% of the average ge annual run-off i in n the ex example just sited, for with 
; only 0.4 of the whole run-off is s tributary, to the re: reservoir, ‘and for which the 
maximum possible draft of | 0.7 748 was assumed. The required storage is s nearly 7" 

equal to the | entire 2 average year’s run- off. As lower draft or “a larger 


tributary ratio is ; considered, the e difference is s gradually « eliminated, _ Monthly e, 
storage could -be computed by plotting cur curves of “excess flows in respect 
various storage constants and coefficients of variation | for 95% or other dry 


years, and thus ascertaining the e3 excesses for ‘various tributary ratios and 


rafts; but a large amount of labor would be attain- 


mum for 
ey hy. the range of drafts requiring annual storage, for each tj type pe of stream as in- 
dicated by its CV, always embraces the same fraction of the maximum possible 
‘a draft. F or example, | again assuming 95% regulation, eV = 0.10, 0-day con- 
5 Balers stant: The 5% year run- -off (Fig. 12) is 0. 855; the ‘maximum possible draft 
a 0.4 tributary ratio (Fig. 24) is 0 748; and the limiting draft without 


‘Storage is 0.748 X 0.855 = 0.640. Now, for a 0.1 tributary ratio the 


maximum possible draft (Fig. 24) is 0.365, and, therefore, the limiting draft 


without annual storage is 0.365 X 0.855 = 0.812. 


he is now assumed that the annual storage in the case. of storage at the 
“point ‘of use, or 100% tributary ratio, depends | on the r 


sidered, so that if ‘the: relative drafts are expressed in terms of maximum 
possible the for any tributary ratio can be found as the product 
the given draft in terms of the maximum possible a 


1 storage for th 
draft, a as "required £0 for a 100% tributary. ratio, by the maximum possible draft — 
for 1 the given tributary ratio. example, with 0.10 and 0- -day storage 4 


aa 


constant The maximum draft for a 100% tributary. ratio (Fig. 94) is 1.0 and 
requires 95% year annual storage (Fig. 18) of 0. 0.789. For. a 0.9 draft. an 


annual. of. 0.05 is required. Now, with 04 tributary. ratio, the 
maximum, possible. draft. is, as noted, 0.748 and since this’ ‘represents 100% 


of. the available run- -off the required | annual storage is computed 


LS 


an 748 X 0.789, = 0,553 ; and a draft of 0.9 maximum, or 0.9 0. 148 = 


requires annual storage of 0.748 0.05. = 0.037. 


| If the assumption is tru e—and it appears not ‘unreasonable—that. the flow 
“we every typical year follows the sa same charectprigticn as those indicated by 
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‘there will more water ter available Vien ¢ 
‘plained u under “Monthly ‘Storage.”* * For 0. 15 tributary 
ratio, a 0-day constant, OV = 0, 16: ‘The maximum possible draft, (Fig. 24) is 


0.84, and the water available i in the 95% year is taken as the product of 0.84 


by the ratio of the 95% ye year run-off to the average 3 year run- n-off, 3 “which (Fi Bo 
0.768. The water “available. in the 95% year. is 0. 84 X 0. .768 = 


0. 645, leaving an annual 1 deficiency of 0 0.84 — 0.645 = 0.195 “Now, if a oa 


_off- -percentage of time” curve: for the 95% year is drawn on the assumption — 
ig the flow at every point is 0. 768 as large as ‘that of the > average year, it is - 
found available for the 0. 84. draft i is 0. 680, or. or 0. 035:more 
, that the 
posed may somewhat too much annual storage, but 


somewhat little monthly storage. us, these tend to alarice each 
other. In. both cases the errors are-largest. for the smaller tributary ratios 


and maximum possible | drafts, and are completely elimim nated as the tributa <i 


in “the remaining diagrams (Figs. 25 ‘to 33) 05% 
is assumed. The required total storage is equal to the sum of. th 


-The "maximum possible draft with unlimited storage (Fig. 24) 

by. the storage constant and the. tributary ratio, and is determined 4 


‘theoretical, “run-off- -percentage of. time” curves (Fig. which 


ie 
computed) to show the characteristic. @aily fluctu: ctuations typical ‘of ‘various 


‘The maximum possible is that draft i in respect to which the average 
water: available is just sufficient. It. is ; not affected by the pereentage of time 


-2—The limiting draft “without ‘annual storage, is affected the storage 


the V of the. annual flow, the tributary ratio, and Percentage 


The limiting draft i is the roduct of the maximum rat by the 
ratio of the ‘Tun- 5 BS the dryest year considered to the run-off of the average Hes 


ancy is is affected by the storage constant, t 


abs and the percentage of time that regulation i is 1 to be iiintained 


For the maximum possible draft the annual deficiency equals the maximum 


possible draft (Paragraph 1) minus the limiting draft (Paragraph 


any lower draft it equals ‘this quantity, diminished by the difference i enue 


the maximum possible draft and the ¢ given 


e ong-term “run-off-percentage of time” curve, then, in any dry year, con- 
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~ FOR CV= 0,1 0-DAY CONSTANT 
Average Runoff at Reservoir TA ! 
Ratle = erage Runoff at Point of Regulation| 
Storage expressed in Terms of Average 
Annual Runoff at Point of Regulation — 
expressed in terms of Average Rate ee re 
of Stream | flow at Point of Regulation 
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RESERVOIR ON A TRIBUTARY _ 
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STORAGE CAPACITY FOR | 
95% OF YEARS 
FOR 0.1 50-DAY CONSTANT 
RESERVOIR ON A TRIBUTARY _ 
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Tributary Ratio = Average Runoff at Point of Regulatio 


Stream flow at Point of Regulation — t 
4 


a STORAGE AND REG STRE 

FOF ¥TIDAMAD SDA 

OF YEARS 

FOR CV=0.2 50-DAY CONSTANT 

RESERVOIR ON A TRIBUTARY 


Average Runoff at Point of Regulation 


Storage expressed in Terms of Average 
| Annual Rumoff at PointofRegulation 


Draft or min, flow after regulation 
expressed in terms of Average Rate 
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FOR CV= 0.8 0-DAY CONSTANT | 

RESERVOIR ON A TRIBUTARY 


Average Runoff at Reservoir 
‘Tributary Ratio = 


4 | Average Runoff at Point of Regulation 
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‘| expressed in terms of Average Rate — 
Stream flow at Point of Regulation 
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Tributary Ratio = bi 
Average Runoff at Point of 


Storage expressed in Terms of Average 
Annual Runoff at Point of Regulation = 
Draft or min. flow after regulation 
expressed in terms of Average Rate 
a Stream flow at Point of fegulaton 
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FOR 0.8 100 DAY CONSTANT 
RESERVOIR ON A TRIBUTARY 


Average Runoff at Reservoir 
Tributary Ratio 
Runoff at Point of Regulation 


Storage expressed in Terms of Average — J 
Annual Runoff at Point of Regulation 
Draft or min, flow after regulation 
expressed in terms of Average Rate ‘ 
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tributary ratio, fhe perventage of time that ‘regulation is to be 


draft. equals ‘the’ seasonal storage ( ara- 
aragraph 3), _both taken for the 


sine raft and the same ‘peroentage ‘of time that the draft is be main- 


| 6—The annual storage is affected by the storage cons 


- tributary ratio, and the percentage of time that regulation i is to be cosine 
¥ 4 i “4 To compute the annual ‘storage: reduce the draft to terms of the maximum | 
“possible draft for the given storage constant and @ V; and multiply by the 
~ annual s storage for a 100% tributary ra’ ratio as given ims the s same imal 
total for ‘drafts: requiring annual storage 


BOS ie The total storage as computed for 95% r regulation is shown in Figs. 7 
to 33, inclusive. As there are 80 many variables—the draft, the 

the storage and the coefiicient of variation—all affectin, the 


monthly storage (Paragraph 5). plus the annual storage (Paragraph 6). 


a result for each different percentage of - time, it has not been found possible -_ 


“ito plot, the results, ¢ on one simple diagram. Separate curves therefore have 


been: drawn for OV of 0. 0.2, and 0. 3, and for storage ‘constants 0 of 0, 50, } 
100 days. In iterpolations, \ sa, for example, with the conditions of = 0, 16 


an average annual run- -off of 2 000 000 ) cu. . ft; storage capacity 


nS of 1400 000 eu. ft. (storage = 0.7); run-off tributary to reservoir = 1000000 


eu. 0.5 tributary ratio. What draft can be maintained 95% of | 


values for a 0. 5 tributary ratio, 0. 7 storage, thus: » 


CV. = 0.110, 0-day constant ; draft = 0.827 (Fig. 25). 
‘For 30-day constant interpolate draft as 0.864: 
draft a= 0.7 


For 30- -day constant the draft as. 0.831 = = 

cs = 1688 000 cu. 


| 
draft = 8.2 cu. ft. per ccc. exe 


A ue Where a number of studies of a stream are to mi made, a se of fonrves 
applicable to » the given | storage constant and CV may be computed as in 


Thus, for 1 1.0 draft the ‘storage is 7.4 x CV, or 7.4 X 0.16 = 1.19, This repre 


| sents: the annual ual storage i in terms of the average available run- -off, which i is 0.541 


storage i is, » therefore, 1. 19 ax 0. 541 = = 0.640. ‘The next draf 


ant, the CV, the 


Column (6) of Table 3 may from ‘the 95% curve 
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STORAGE: AND 1 REGULATION OF STREAM 

represents 0.99 of the rn 
Fig. 13 shows a , storage of 5.2 CV; ‘then 5 2X 0. 16 = 0. 832, which meltigtied - nes 


by the available -off of 0. 541 gives: an annual storage of 0. 452. 
sino, LADLE, 3.— —CoMPUTATION FOR | 95% Year Storacs-Drarr Curve. 


aximum possible draft (Fig. 24) = 0.541 

‘Tfmiting draft for seasonal storage = 0.541 x 0.768 = +0: 
Drafts of less than 0.415 follow the %% Seasonal istotage curves (Fig. 6), Gorracted for 60 day 


Storage constant. 


OF 


terms of al | 7, | storage, — Annual 
storage. Column (3) storage. | | Column (5) 


B41 167" hiv: 
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0115 


This whole rests & a which are not easily 


3 


is: very y flows or average weekly flows 


as 


water flowing | in the main stream. at rates exceeding the draft. Some tests 


ave — saat using a 20-year flow record of the Hudson River at Mechanic- 
in weekly averages. ~The assumptions as to the tributary ratio. 


and do not refer to particular reservoir locations. 


puted C Y is 0.16, and storage constant 60 days, thus m necessitating Neitens rpolated 


drafts from the t tributary storage curves (Figs. 25 to 33). 
1.—The assumed reservoir capacity = 46 o of the average run-off at 


The assumed average ron-off at the of use = 1.0. idedorg. os 
, e REBOONTT. The assumed d average run-off at the reservoir = = 0.2 = tributary 


The 95% regulated draft, (computed) = 0. 65. tot bor 
Result: draft can be Maintained 18 years, , or 90% of the time. 
oun are deficiencies, of 0.16 and 0.128 in two of the years and 
~ the reservoir is from 95 to 99% empty during several other years. 
The assumed tributary ratio = 0. godel to ot 


The 95% regulated draft (computed). = 929) 


Result This’ is the maximum possible draft for these extreme con 
ditions. |The same draft with the reservoir at the point of: use 
would require only 0.15 storage, which indicates the large, quan- 


tity of annual storage of the. location of, the 
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he ratio = 0, 
95% storage required (computed) = old: lieve 
Result: The draft is maintained of record, 
ring ‘but an actual storage of 0. ‘needed th the twelfth: and again 
in the fifteenth years. 


4. The assumed tributary ratio 0. DEB 
ed teens a _ Result: The draft is maintained 70% of the time, with deficiencies 


of 0.035, 0.029, 0.045, 0.002, 0 012, and 0.088, “respectively. , 
ones ‘group of three ‘dry years, during which 0.26 storage would have 


ear vy a - been required, eauses the failure to maintain the draft. One of 


these, the year 1910-11, extremely dry, the run- off being 


ms to the v writer. that these tests tend to confirm the reasoning 


e tributary storage diagrams are based. “They are bound to ‘thro 
Tight the subject. It is hoped that other engineers who ma 


‘occasion to study ‘the question, will subject ‘the’ data given herewith | to Ii i 


Vy 


by’ is shown 

Althoug curves, plotted from flow records are much in 

dabei e probable future occurrence, an magnitu e of ‘stream flows, 
EOL SO AIOW 4 ie 

za there are » comparatively few American streams which have been satisfactorily 


gauged for more than ten or fifteen years, and i in many instances ‘the engineer 


is fortunate if even five years: of recorded flow are available for his guidance. — 

i is. o be regretted ‘that, work of ‘this character, of such real “utility, does 


x t 
not > the popular fancy so that adequate may be made 


Conclusions based on suc 


additiona 


a ‘means of extending such records i in ‘a most pan atin manner although it . 
has: not received general Mr.’ ‘Hazen’s “seasonal storage” “curves 


simple, rapid. the ‘amount of storage necessary 
for release in dry years to maintain a desired use or draft. For all rates of 


fib, 


~ flow. and for all percentages of time, only one simple calculation is neede od, 
which may be based on a short- term flow record. 


pa ~The coefficient of variation, which i is the key to the total storage require- 


ments for high rates of draft, likewise may , be determined from a short record 


i a Both these constants for a given stream. are based on the usual variations | q 
Ee.’ rather than on those extremes which occur at I long intervals. It is important ; 


to note’ this fact, ‘for to. it is the accuracy obtainable with’ short records 


by he method here advocated. Having computed these two. constants all 
problems of deficiency and. | storage may be so olved by reading from the dia- 


grams here given, mn, with results pear consistent and potaniiain ¢ the economic 


4 
— 
— 1 i 
ced 
— 
| 
— 
— 
— 
— 
| 
— 
| 
— 
— 
1 
— 
— 
— 


same 


‘The | total storage curves ‘presented. ‘are not of u 
cause they are > computed f for a coefficient of skew of 0. 6, which i is suitable only 


to streams a CV o of 03, of or less. This was shown by ‘Alden. Foster, 
Assoc. Am. Soe. OC. in his paper, “tPA éoretical Frequency Curves and 
to Engineering Problems”. range of C 7V from 0.0 
3 seems, however, to cover most streams the United 


per 
bs 


of a record 
of considerable length. Although further computations of the CS for streams 


Bi 
in various parts of the world would be of great value, the error in t e amount 


f a definitely 


x of storage as as based on a somewhat inaccurate CS need not be large, 


TOTTI 
basis for series st 
test of annual for the “Murray CV. 


GEE 


(0. 52, given by Mr. Foster,t furnishes some ground for this. statement. 
Be There is abundant opportunity and room for further ‘research, into the 
up vagaries 3 of rainfall, run-off, flo od flow, and other problems of hydrol- ete 


ogy; and certainly there is much to be. gained thereby. 


Ti." 
examination, classification study, of most reliable long records of 

- this an and other countries, as to ‘their coefficients of variation and skew, their 


curves of flood flows, etc., _ while involving considerable labor, would | surely 


prove of immense value i in this age when stream control for irrigation, wat 

supply » flood prevention, navigation, and power is ft, such immedia 


in eres 


rs, Am. 
“engineered” the New Water Power Investigation ; and _ whose encour- 


agement and ‘in terest made this study ‘possible. hh 
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By Georce S. Davison,* PRESIDENT, AM. Soo. CE 


A great nation is viewing retrospectivel its life o a century and a hal 

and taking an inventory of its achievements. ~The main “factors i in its growth 


Tie its “area, population, and wealth. The Continental United States of 


to- day covers ahi ‘times the peeres of square miles within the borders of the 

ee “original t irteen States. Its population has increased from about 3.000 00 


to 115 000 000. . No means are at hand for estimating the wealth | of the nation — 


on its natal day, but this much is certain—it was insignificant in comparison 


"with $4.00 000 000 000 that stand to its credit 


‘Tt is eminently proper that members of the American. Society of Civil 


Engineers as citizens: of such a nation “should gather | here in ‘Philadelphia, 


its birth is being to attest t interest affairs and 


their loyalty to its aims and purposes. it is fitting that while here members: 


SEL 


— a ‘Society the life of which has covered half that. of the United. States, 


should inquire what part. the Civil Engineer played in ‘the creation ‘ot 


: Bes conditions which, within one hundred- and fifty years, have transformed 


erica from a few struggling colonies into a leading nation of. the world. 
a are using the te term “civil engineer 4 in its broadest sense, in order oi 


eS all those who through scientific processes ‘are directing the great sources 


of power in Nature that they | may be most useful to mankind, W e recognize — 


; a hanic ngin er, he mining en ineer, he ] > 
“that the mechanic al en eer the mining e engineer, tk electrical engineer, the 


+. 


by: 
a 


is only practicing such a branch ‘of. civil engineering as. his title 2 Ww soni indi- 


cate and his professional knowledge iustify. Bal bint 
This does not mean that to the engineer alone belongs all the credit f for 


a the colossal advances we now enjoy as a people. His efforts have been involved 


reve 
eae = with those of the artisan, the industrial manager, the inventor, the capitalist, 
the statesman, and many others; but it is his” ability “to design well 
to direct engineering works” ‘that must be relied on to bring successful results 


not only out of his own: vision but out of the on of oth ers, 


‘the dreams of man to come true. portant - 
1 the original | 


Au 


g Bt hydraulic engineer, the sanitary engineer, or any engineer ¢ of special calling, | 
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= thirteen States were mainly of English, Dutch, | erman | 
whose forebears had left their native lands either in se 


were) intolerable. Even h 


hardships; and. disappointed. The 
4 life, with little idea when they would move and where next they would go. 

a Temporary expediency answered every purpose. Labor- “saving devices, even 
had they been 1 conceived, « not have been enjoyed because a lack of 
 G@apital with which to develop a1 nd install them. Their ambitions were con- ce 

“ fined to securing for themselves: food, shelter, and clothing. To till the soil, 
ia to f fell timber, and to weave the cloth were ‘their “main tasks. Industry 


in a few directions. It. might be. remarked that one of these 


toward: ‘the Appalachian Range. sought the Sea. Tnland trans-_ 


“portation either by land or water was inconsiderable. a mek 


~The manufacture power as an essential for ‘Tail transportation and 


— 


- industry had not yet ben initiated. In fact, at that early time, ‘the untamed © 


‘ind, ‘the fall o of waters, and the beast of burden were the. only supplements to 


manual labor. Material from this condition was long de la yed. 
Tt was” not ‘until 1880. that the steam railroad came, and even twenty years 


dates great agen nt of civilization had ‘scarcely begun to play. its part. 


e Tur irning, then, to the object of our inquiry, namely, what I has the civil _engi- 

meer accomplished, we shall find his greatest go within the past seventy- 


‘early pursuit of the people agriculture. 1 Land was. the first ‘con- 
sideration, Its area was to be. determined an apportioned, ‘Therefore, 
- surveying early engaged the attention of the engineer. 


Stephen Van irs, served as a member 


of the Erie Canal from its inception in 1816 until his death in 


4839. contact with the problems of that time had given him a vision of 

the influence that the technical mind would have over the future affairs of the 


eople. In stating his object ounding this institution, he said: 
“T have established a school for the purpose instructing persons who may 
choose to the appli ication of the common 


he first: class in engineering wae graduated 


demands 


nce they came, their new surroundings offered no ragemen 
of such knowledge. They had anticipated the simple life mi 
half, | 
wth 
of 
| 
| the 
ti 
t10n a 
ison 
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Yivil 
bers | 
ates, 
j 
irces 
nize 
the 
4 
indi- 
q hundred years ago to edu- 
for the profession; from which it may be deduced that the 
then made on the profession for service were few. 
cent, its first half century confirms thisview. 
|, At that time ‘transportation was—as it has continued to be— 
—— jem; underlying: the. prosperity:of, the, nation, 
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a may be brought to the home, the switch, the valve, and the spigot h le 
been. installed. That worthless. land may be. redeemed, irrigation and drainage 


been effected. That the worker may be e comfortably sheltered and profit- 
bly. employed, the skyseraper and ‘the industrial plant have been built. That 


_ commer ‘may move whither it will, the face of Nature has been smoothed | 


or Various ENGINEERING cai bs 


_ Passing now from the general to the particular, it may be instructive to 

a brief historical 1 review of the more important pursuits in which the 


To deal with the many subjects in anything 


like a chrondiaied! order is ‘dificult, as the various branches of civil engineer 


ing mingle indiscriminately both as to time of development and scope of 4 


work. Suc ch, for Surveying, the fir st topic treated ; certainly | 


was one of the earliest — forms of | engineering in America and it sti ill ies a 
large and important following among engineers. urve ying is, so to speak, 
mon factor in all engin erin rk. 


In order f development the a agencies of come next, namely, 
Waterways, ‘Highways, and Railways, in order Logically, the study of ho 


these for it is a qua non for all transportation. _ Following hard 


on the development of transportation came a variety of attendant « engineering» 
a pursuits, as Ship Building, Bridge Building, City Planning, a and Tunneling. La 


we With ‘the growth of the city a number of-vital x needs presented themselves. 
a Especially did the community look to the engineer for the protection of health, 


& ttn Supply, and of Sewerage 


§ Sewage “Likewise, with ‘the concentration of urban ‘population, 
“need of ‘housing and industrial. development inspired ‘the “great field of 
£ 


Structural Engineering. In due season, agriculture like industry, 


wie expansion, economy, and conservation ; thus as one of the later, ‘indeed alm 
the latest, great Nationa engineering development came 
In this order, more or less logical, will be treated the more important events 


the ‘various® engineering fields one hundred and fifty 


a Amer can history, each topic under its own appropriate headin rk 


=, 


art of surveving. like processes of has im- 


q 4 


7 


delicate and ‘sounding devices in use at present 

epochal event in the « levelopment « of surveying occurred toward the 


an English instrumen maker, 


return of the highway to pu 
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— an 
im 
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a theodolite having: 
in. in and of being reid to a single second of arc. 


The Nineteenth | Century has been notable for the introduction of the stee pi ‘i 
tape to take the place o of the old surveyor’s | chain, \, the use of better and more 
Bh eter ‘methods for various kinds of surveying work, particularly geodetic sur- 


Even as late ‘as 1887, the: chain was of as the usual instrument 
utilized i in land surveying and the steel ‘tape, said ‘to have first b been: madé from 
oop 


skirt wire, was considered ‘only “a means of accurate measurement. Tt 
was an expensive device. Modern “manufacturing methods, together with its 
superior accuracy, have made it the stan ndard instrument. = 
ee Tn geodetic surveying, bars of various materials, two in number, used alter- 
a na tely with | careful alignment, were employed to measure ‘primary. base li ines. 


Tt was a very expensive and not a highly accurate method. More recently, the 


invar tape with: a coefficient of expansion roughly one- -thirtieth that of steel, 
has made ase-line measurements, an ‘accuracy of 1 in 1000000, possible 


under almost any temperature conditions. 


As indicating the extreme accuracy and ingenuity of modern “surveying 
devi for special purposes t the latest aneroid barometer which exhibits read- 


able y variations for. a difference of. a few inches i in elevation may be mentioned. By " 


- Perhaps the greatest skill applied to : surveying methods | at present is being © ba 
; given to a¢ aerial surveying. We onderfully accurate cameras have been developed. % 


Some of the. devices for reducing the photographs to ‘engineering maps are 


even more remarkable, including a stereoscopic measuring table, permitting eS 
pes areas of high relief to be drawn on ‘the photograph to to an interval is 


on system for surveying public lands was authorized as early as 1784; it has 
been since modified, to define the locations of principal meridians, standard — ae 
- parallels, township lines, and section lines. This work is in charge of the a 


:  widThe, United States Coast Survey, although authorized in 1807, was not insti- oh 
a tuted unti il 1817, while » material progress was not made until about 1832. Com- 


work eventually included the Gulf of 


Inbors involved va deter- 
minations which gave a an to the work of the Survey, so that 
n 1878 it became officially. the ‘ ‘Coast and Geodetic Survey” under 


_ Somewhat akin to this Government Bureau may be mentioned ae United 


‘States: Geological Survey, which, however, restricts its activities to the inland 
territory of. the United States. | The Geological Survey is the outgrowth of 
separate activities under various: Government departments which were 


merged vin 187 9. Besides other duties the Geological Survey. makes “topo- 
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ee at the most recent developments for takings soundings through wales is 


ugh which. the sound has passed to be measured. q 
‘modern surveying methods that from the air bids fair to outstrip all 


map features in n extensive. work, A series of taken 
from an aeroplane flying ¢ ata . known height is made inclusive enough to cover 


- the entire area with sufficient overlapping. A ground survey | covering objects 


and, elevations | capable of. identification on. the air. photographs, links 
— to the actual ground This.m nethod i ‘in frequent and 


y accurate method were. possible, Thus: has 


the vast improvements 
s to make profession ‘still furthe: ‘a benefit to humanity. a | 


‘Prior to the founding of our Government and for some time’ thereafter no 
= was made to improve for navigation purposes the inland waterways nor a 


the inlets and harbors bordering on the sea coast. In the course of events the . 
United States Government assumed’ control of all natural watercourses: “In 


recent yéars, with the expenditure | monies taken out of the general funds 
the nation, it has deepened improved the channels leading 


into ports, and the more e important rivers. i 


ne country by means | of artificially y constructed ¥ waterways. The catliae 4 
few exceptions were confined to reaching near- -by markets withthe 
- mine and factory. More ambitious projects than these, involving 
ex xtensive mileage, were necessary for general trading purposes, 

first long- distance canal was the Erie Canal completed i in 1825. 
| together: with the Hudson River, connected the Great Lakes with the Harbor of 


De: New York and assisted materially in extending ‘trade with the seaboard into 


Tey 


Northern Ohio and a considerable area’ contiguous to the Great Lakes. © a 
_ this ‘territory was reached, at least three important: canals were built from 

‘ - points on Lake Erie to the Ohio River, thus providing an all- -water ‘Toute from 
the’ ‘Hudson: and Delaware Rivers: to the Mississippi Valley. This circuitous 
way was } necessary to get an all-water route around the Appalaclian’' Range. 

‘Meanwhile, | the State of Pennsylvania developed a route across the Allegheny 
Mountains, thus shortening the distance from tide- water to the Ohio River _ 
hy onehalf. This artery of travel was a combination of railway and canal, 
with inclined planes between Holl lidaysburg and Johnstown, by means of 


Aon 


which the loaded canal- into sections, could ‘be carried 
Canal building extended through period of about thirty-five years, or 
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were built at’ a cost of $214 000 000. Mich of this was 
doomed: sto financial failure: before it was. finished, because ‘meanwhile rail- 
. roads had been inaugurated in’ the United States (1830). Once their advan- — 
; pe were r realized the death knell of, those canals serving the ‘interior | ‘was 
sounded, so that even now the channels and locks of ‘the: greater ‘Portion of 
these canals have: been entirely obliterated. 7 y sri 
The only important canal that: has’ survived the competition of the rail- ee 


roads: is the Erie Canali It *is State-owned and has 
to accommodate boats of larger tonnage and deeper draft, to ‘be 


nage for 1924 being’ to about 60 000 carloads." 
However; even since the. advent. of railroads there have been 
the canalization of important streams. Bome of these earlier projects: 


initiated with private capital, but, because of the policy of the Government 
during the past thirty years to own and operate such works, these ventures A 
have been taken over through condemnation proceedings. - Under t the genera 
4 program of serving. navigation, the -eanalization ¢ of rivers is continuing under 
* the direction of the War ‘Department. In the case of some more important — 
t rivers, such as the Mississippi, the improvements are nase the jurisdiction 0 
most important part of the program of. the ‘in the interest 
: Je deals with ithe improvement of the harbors along the coast and 
. ont the Great Lakes for vessels of deep draft. Since 1902, this work and that 
: relating. to rivers has been carried on under the direction of the U. 8. Army 
as provided in the River and ‘Harbor Act. The enormous work 
accomplished since the passage of this Act in 1902 may be realized when ‘it 
sanderatnod. that: for these ‘purposes fully $500 000 000:1 has been ‘spent. 


it is. overshadowed by the enormous amounts "expended 


local harbor authorities and ‘private interests. to provide docks and 
ments to. hens, the trafile at terminals. of ‘the grand total of all 


Beyond all this special) mention of the E Panama 


constructed within. the: years -1907- 14, and costing $367 | 000 000. a7 


In: addition to carrying out this vast construction program, ‘to the 
is committed the responsibility « of maintaining these great works : 80 that ‘trade 


and commerce may ‘be served: to’ the highest degree of effectiveness. 
Like Topsy, the earlier America “Sust. grew’ As communitiés 


became. active centers. of busines and as local began to function, 


inexperienced supervision “assumed ‘the responsibility of maintaining - these 
given as would keep them ina 
barely condition. time, companies, were for 
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charged ‘toll for ‘the s service Meaniwhiile; canals had 
their advantages | over roads, by furnishing better service at a lower ‘cost; but j 
soon both fell into disfavor on the advent of the steam railroad. pot 
The: encouragement of government liberal’ with its subsidies to ‘those 


_ who would construct railroads in _ virgin terri nd the prospects of a rich” . 


return on traffic already created by the former methods of transportation, 
made investments: the new field 80 attractive. that: capital for building 


tay ae advance of the railroad, the Conestoga wagon had been the freight ear, ‘the — 
i ae tage served. as a passenger eoach, and the - Pony Express as the fast mail. bia 


3 y ane The highway, however, ceased to be an empire builder and the turnpike 

& bompenies. settled down to bide their time hoping for a better day to dawn. 
due course the delay was rewarded, , in ‘most cases by condemnation pro- q 


ceedings, through which the public ‘compensated the stockholders of such 
ist Early road building afforded little opportunity, to the engineer. Tt wa was 
it only at a very recent date that his services became necessary in highway e con- 
ve struction. Forty years after he had taken over the building of railroads, the 


machine which at first had the appearance of a plaything became demon: 
* strator of the advantages of good roads. I refer to the bicycle. “By 1890, 
a it had millions of devotees, who, through the League of American Wheelmen, 


demanded better roads of the State and local authorities. ‘else to 

‘Although this: gesture made a lasting impression, , the bicycle 
popularity long enough to secure prompt results. Better argu iments for 
"geod roads came with the motor car. In 1900, motor vehicles’ to the number ‘a 
— of 8000 were registered in the United States; in 1910 | there were 468 000; sand 


1925. there were about 000 000. While- ‘the operation of m motor ‘ears 
as at first confined to city streets, in due course of time the desire to’ use 7 


Sev roads could not be suppressed and the main highways’ were 
improved. to meet the demand of the motorist; todtad 


‘ | The internal combustion engine has wrought § a miracle and the automobile — a 


has settled down for a long visit. What at first was a luxury has become i 
einen the farmer, the clerk, and the laborer must have his Pleasure 


Re that once so ruthlessly robbed the highway of its good “name,” is now 
seeking: ‘mercy at the hands of “good roads”, oil} bstt 


To meet the advancing popular needs idustless: roads: were developed— 


“usually by surface treatment of the existing macadam . In due time e bitumi-— 
‘nous ‘macadam and bituminous concrete were evolved and 


the cement concrete ‘surface. — However, with all these improvements highway 


a! 


lies had? the utmost in keeping abreast the — 


of 19% much hed low i “308 
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miles; of macadam, . 116 000. and high type roads, 46 500 miles, 
total of 468 500, miles. this. mileage there had been spent, about 


81 000.000 000. In 1924 . alone 31.540 miles of roads were improved. 
engineer may view . the situation with complacency, the will 

eontinue to require his. services for some years” toc come, His. specifications ia 


of five years ago for road building | did not anticipate the heavy wheel loads 


congested traffic that Inust now be met. _To- he is “using better rr 
mth 4 be i 

material, deeper foundations, more scientific ‘drainage, and heavier and more — 
enduring ‘bridges. hat was only recently “good practice” soon had. to be 

While the engineer, has 

he has been designing the cars that will use them and, in finding 


Ve ir Indeed, modernizing the idea j in an old nursery rhyme, it may be said: 
3a 
‘This is the car of Jack’s ‘design, the 
wab 


VUE 
iat 


2 


That sped over the road that Jack built, 


CALE 


da “This i is the gas that Jack produced, 
was used in the car of Jack’s 


_ The yout 
facture of vehicles to travel 0 on them, is strictly. due. to the civil engineer, 


and it i 8 limited only by the amount of money which the public is willing ie 


in their improvements. However, it must not be overlooked “that 


this great task on which the engineer is engaged. has a lready rendered 
millions of the capital which. he spent for other. clients in former years. 


‘The buses de lure } have thrown, the fins on the. scrap heap, and 
have struck a serious blow at "the ah steam railroad with respect to short- haul 


_ 


Industrial | railways—horse-drawn—preceded the steam railroad i in America 


that as early as 1806. steam railroad came: into existence 1830. 
with length for that year of 30 miles. existing system of 250 000 miles 
is the country’ greatest asset and its present state of efficiency constitutes 


proudest, achievement of the engineer. to tuo 


The fact. that ‘the weight on. 4h driving’ wheels ‘of the: locomotive 
ae increased steadily from less than 20 tons in its 3 earlier years to ‘nearly 400 t — 


) tor ns 
the answer to the ‘question of what: single movement has had the "greatest 


influence ¢ on our prosperity. These heavier locomotives have been followed by 
of greater capacity and heavier rails of improved quality. Roadbed 


structures have been -designed to meet the: 2 greater stresses imposed on them. od 
Main tracks have been paralleled and terminals enlarged, 
» oThe handling of longer trains and an increased ‘number of-them by these 
ao powerful engines has been made possible by the introduction « of the aie 
ke, the automatic ‘coupler, the automatic safety signal, and, now, ofitrain ar 
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0 “The safety, speed, and comfort of passenger travel have been 


nla these same improvements and i in addition by the introduction of the 


palace ear, of the: vestibule platform, of steam heating and electric lighting 


atin of coaches, and of stations of monumental ‘design and great utility. Coinci-— 
‘dent! with these betterment, grade crossings have been. abolished, grades and 4 


curvatures educed, alignments improved, locomotive fuel ‘efficiencies greatly 


sed, and electric traction installed where it was necessary or desirable. a 


cost “of moving freight over was about | 20 cents per ton- 
oo? ie a and the rate per ton- -mile on canals was not less than. 3 cents. For at 
ie, least twenty ‘years: before the general advance to higher | costs occasioned by ; 


eo ha the World War, ‘the average revenue per ton- mile on all railroads i in the United q 


States was less then | 0.75 cent. The ‘increase in to the traveling 


<a 

Be Bit public over the days of the stage coach has been in speed and comfort rather 


i 


Granite blocks were first used as a foundation, on which the taile were 


‘laid either ‘directly or with intermediate stringers. Soon, however, the present 


method of su rting the rail on cross-ties was adopted. AOE 
ae, first rails were. of wood, protected on the wearing surface by_ iron 


straps. Iron rails came into! ‘use as early as 1835. They were of the general © 


; form of the T- rail of to- “day. ~The first ones, imported from England, were in e 


ft. lengths Weiging 36 Ib. to the yar The first” “jron rails rolled in 
appeared in 1845, at which time ‘the weight ha increased to 56 lb. 
and the length ‘to 30 ft. Steel rails were imported toa ‘small ‘extent. abo yut 


1860. American stec rails were produced by the process | as early as 


a 4865, and by 1880 most of the original i iron rails had been replaced by steel, 4 
Rzi, the maximum weight b being 67 Ib. _ The present general. form of splice-bar 


tae joints has been ‘used for a at least fifty years. Meanwhile, ‘the weight of the rail 
has advanced to a maximum of 130 Ib. and open-hearth steel has gained favor 


over: the ‘Bessemer 


VAY 


than through reduction rates of fare, although fares: have undergone 


Coast territories using oil for fuel for twenty- five years. 
cue that same period, the electric locomotive has been adopted ‘for handling trains 


be 4 in and out of certain busy terminals, particularly where. smoke from steam — 4 


locomotives would not be permissible. Some studies have been’ made looking 
to a more extended adoption of this form of power, and we can look forward 
to many. important, developments in ‘this. practice: Followin ng the idea. that 


where the available the generation and distribution 


than s power, about 4 450 miles of one great railroad 


passenger eodch: of ‘the. early days of railroading would accommodate a 


“mere dozen, passengers. There were as many patterns of coach as there 1 
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-pin trucks. (The railway truck, incidentally, is. inven- 
tion. The length of the body was 40 ft., the width 8 ft., and the capacity 
‘about 20 passengers. ‘The early coaches were heated by stoves, at first burning, 


wood, and, -Jater, coal night their. interiors were | lighted, with candles. 
oe On his rounds the conductor found his way about. the dim car. with. the aid 
a hand lantern. The coaches were of wood, and. frequently. in cases 


wreck they caught fire ‘the heating systems, eremating passeng 


ee coach continued to increase in size to the present length of 80 ft. a 


sengers. The stoves have been By | steam ‘heat from the locomo- 


( “pressure in tanks beneath thie floor), ‘finally, 


current, ‘produced at first a steam engine located i in the baggage compart- 
mand and more recently by generators belted to the axle of the coach. . The ma: : 
water cooler i in ‘the end of the coach is another ‘American idea, which deserves “ 
are honorable mention because of a modest and faithful career that has not. been y) 
orts | to furnish sleeping quarters for passengers were made. 


Sd as 1836, but the real Pullman did not make its ‘appearance until 1860; : an 
i 1867, there. were just forty- eight of them i in service. The first d diners were 


called “hotel cars,’ ’ and consisted of a kitchen installed i in the end of : a sleeping bey g 
Although | ‘the present form. of, the dining car followed shortly, the: call 
“twenty minutes for “dinner” we still heard throughout. the land until, 


Ww 
about ‘twenty: ‘five years ism ort 


ab The air-brake was first applied to a passenger train in 1868, just preceding 


the introduction of automatic couplers. It has undergone marked improve- 
both i in principle and effectiveness since its ¢ original installation. 

i The first. railroad freight | car had a capacity of, only a few tons, It 


Bee as to running gear, couplers, automatic brakes, and , increase 


in dimensions i is similar to that of the passenger | coach. — _To- day, its maximum 


carrying ‘capacity is 70 tons. At first, freight cars were loaded ‘and unloaded _ 


Many improvements have een made by which such labor has 
greatly reduced. . The grab bucket and the “hopper bottom” are examples. x 


An ean car, loaded with coal, may be run into a cage: -like framework that 
is revolved transversely to discharge the ¢ontents of the CAP 


stage and the ‘canal: -boat moved at the rate of 4. miles, per, hour, 


limited. | trains of to- day. carry” the passenger, the, letter, and the 


"package at a speed of 50 niles per hour. ‘The economies in time and ene 


from the higher speed are not susceptible of calculation. 


_ The horse car for urban service was a novelty seventy years: few 


later, the ‘cable car was evolved | as an. improvement. | It was 


that besides increasing ‘the of surface lines and providing 


service, great -economie 


The cable. car, 
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¢ 
in the. the stations, the damage resulting to ‘property abutting « on 


steep grade use of its 

degree’ of safety. When electric-current transmission by feed wire 


pplication through motors on | the car was introduced, into favor 


quiekly, and whirlwind construction program was followed until 


ears ago. This movement wiped out the horse» car, and, in many eases,’ 


such elevated lines was so enormous that they failed of general adoption. 
quarter of a centry ago the subway idea was advanced as a better method of 


mass transportation for the reason that it serves the public equally well ese 
Dave the same blighting effect on adjacent properties. stort irs’ 
dojdw ‘gob! Powrr adi to bare. salt ai 


| 
iss To describe power development in the past one hundred and fifty years is oe 
i in effect to review it from the age of the guilds. During that time -revolu- 


tionary “strides have been made and ‘such undreamed- of applications have 

4 proved successful that there is scarcely one of the devices in use a century (ae 


= The first use of steam, which has been the’ principal prime mover of the * 
me Nation’s industries, was the fou ndation of man’s present freedom from oars, 


the beginning | our present mode of living. One hu ndre d an d fifty- two 


= ago, James Watt, the mathematical instrument } maker of Glasgow, per- 


fected the reciprocating steam engine. Oliver Evans, the American 
father of the steam engine, and the earliest of t ‘the New World’s great engi- — 


‘neers, first advocated the high- pressure steam engine. 
For nearly a century the ‘steam engine was: the undisputed source of 


‘power | in America. With respeet to the of fac ctories, it 


abolished the inflexible water- wheel, and windmill. _ The steam engine | became 


own in “time create a system of transportation theretofore ‘practically 


unknown —the railroad; it ‘raised the floating commerce o i the ‘seas above 


A climax j in the uilding of steam engines was marked by the o one installed 


to supply power for the Centennial Exposition in this city’ (Philadelphia) 


a Corliss machine oe 


of 1 400 h.p., , was, in its’ day! the last Word in steam engineering. 


At this ‘same Exposition was "displayed a then novel. form of energy— 


electricity. It depended or ‘water power for generation, but, 0 


made, could be ‘transmitted. easily by wires—no belts, gears, or ‘rope Wives 


as were needed. The prime mover could thereby enlarge the field through which ~ E 


One hundred years after | Oliver Evans’ first engine, the steam 


turbine ‘appeared. Its high speed proved be ideally to gen- vil 


eration “of ty. Later, the Pelton water- wheel, an impulse t 
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sites were harnessed. and their “power spread electricity. to. industrial 


Electricity i is now so easily transmitted, so simple of control, and 
owerful in’ work, that two- -thirds of machinery i is directly, operate 


_ Another progressive step in the flexible distribution of power has been made 


thr ough the use of the air compressor. 

The past twenty-five years has wonderful in, the 

hs a may be his own engineer and pilot as he journeys by land, by water, 


ip 


‘simple » method of measuring the advance of the N ation in recent years x 


2 to note that in. 1900. it generated 13 000 000 industrial hp. and that in 1925 

A quantity had soared to 55 000 000 hp. In. 1900, i ‘it utilized. 2500 000 000 

kw-hr. of electricity ; in 1925, this had been increased to 68 000 000 000 kw-br. 

: 3 The development of p power in the United States i is one of the marvels of all a 


HIP BUILDING A. 


4 
Ship building in America is as old as J and older than Plymouth. 


ings reached 000 tons—Gloycester fishing schooners, sea whalers, 


d coastwise traders made up the ‘Colonial fleet. Commerce with the, outside 


world was handled generally in foreign bottoms. bonds 
a. In 1781 a ‘merchant ship, the Alfred, was acquired by the United States 


2) 


‘was constituted the first (and only) | ‘ship of the N avy. Joh 
ves 


Government and 
> aul Jones served as First Lieutenant on this vessel. The Alfred was of Ae . 


to- “day, t the size of the is 2 253 | 000 


an 


1791, Hamilton, Secretary 
‘ican Merchant Marine of 4 476 274 tons. "The Merchant Marine of to- day 


Clermont, a vessel of 160 tons built by ‘Robert Fulton in 1807, was 


Fulton also, i “1814, built, first war vessel to o be 
propelled by steam—a ‘ship of about. 1 200 tons. e first steam vessel t 
Le 


cross the Atlantic was the Savannah (of 350 tons) which sailed on her maiden 


in hich she n 
voyage in May, 1819, from the Southern 


4843, the first i iron ship ii in America was built. pri 
a _ The Great Western, probably the first English steamship designed especially 


for the trans- Atlantic trade, created a sensation when she arrived i in America 
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“voyage in n 1888, ‘She was of 1 340 tons and 15 to 
make this. ocean passage. an evidence of progress, it should be ‘stated that 


5 there i is now being built an American n vessel of 22 000 tons, the speed of which od 
be such that she can make the trans-Atlantic trip in 7 days. 
alton in building steam vessels, used paddle- ‘wheels about 15 ft. in diam te 


of this power is just | one hundred still 
maintains its popularity for inland navigation. The screw ‘propeller, invented 


‘ by John Ericsson, was first applied in the United States to the Steamer 


et Princeton in 1843. It is ‘now | the ‘accepted. method of propulsion for vessels, 


change f. from coal to oil for boiler fuel i in merchant and’ naval 
ships began i in 1900. American 1 practice in handling thé steam: from boilers 


Wer. cre 


to its point ‘of: application successively passed through the stages of the simple 
engine of Fulton, the compound ‘eng gine of “seventy years ‘ago, to the 
_ triple- expansion engine, now about fifty years in vogue. 7% ‘Twenty years ago 


4 ha the direct-drive steam turbine began to find preference over the. reciprocating | 

steam engine, for certain types of vessels. One of the latest developments 
< 2 with respect to power for ships i is the internal combustion engine using oil for Eee 


fuel; and the very latest device for the application of marine power is ‘the | 


ws | electric drive, with a choice of steam turbine or Diesel engine as the prime nas 


Lot in the first rank in the matter of 


fly up to fo standard it in n naval equipment. 


ay 


ue _ ‘Since the days of Robert Fulton her inland waterways have been routes for ou 


“transportation. The difficulty in maintaining uninterrupted traffic ‘on some 


of these streams and the competition of. the railroads, which ‘were better and 
e quicker, caused the abandonment of much ‘of this service. _ However, while © 


these waterways have been passing through periods. of uselessness, , Congress, — 


omit with the advice of the War Department, has been ‘providing funds for revet- 


ment and canalization on them. ‘The engineer has been engaged for years on 
— such works, and now, _ with improved channels | on the one hand and a greatly 


increased cost of rail transportation on the. other, inland water 

is again coming to the fore as one of the important assets of the nation. - 


ss The art of bridge building | is believed to. be as old’ a as ¢ civilization, but the 
science | of it could ‘not have antedated the first demonstration of, the law of | 


gravitation. Empirical judgment based on experience were 


~The: masonry arch is one of the oldest forms of the bridge. Besides serving — y 


useful purpose, it afforded the early engineer a “means of expressing 
artistic taste. Primitive America was forced to the beauty and dura-— 


Pe bility ‘of the arch for designs of less cos ly material. The first stone ‘arch i in 


in 1800, and, although devoted top ublic use, its cost 
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supplies to several of the larger cities were | constructed. Wi ith the 


advent of the railroad, a limited number of arches were included i in its orig- — 


nal, construction, Later, many large: railroad bridges were renewed in stone. 


available to meet ‘their desires returned to ‘the ‘ancient idea 


giving utility a an artistic finish. A large number of these structures may be 
2 found in American cities, she combinadiwo rk of. the engineer and architect. sal 


A “Oontiacings: to follow both the useful and the esthetic i in. the arch bridge, | 


a short time stone 1 ‘was s used only i in the voussoirs. Later, the introduction 
of, steel reinforcement reduced the weight and cost of arch bridges ‘without im+ 
- pairing. ‘their strength, s o that the use of. mited almost: exclu- 
he earlier bridges i in Ameria ‘were of ‘wood. Prior to 76 only. a few had 
“been built, their lengths comprising a succession of short spans (about 20 ft.). 


is recorded that in 1792 a span of 175 ft. was constructed. - Before the steam ; 
so became a factor, many bridges of that length, and even greater, were» ee 


— Wes 


lt by such designers as ‘Timothy Palmer, ‘Theodore Burr, and Louis Wern- — 
the longer spans, of ‘the arch and truss were 
ingenuity in 1 design ‘was displayed, the framing timbers being ‘deter. 


4 ft mined from a study | of models and from experience ‘gained by the failures of 


epoch bridge engineering courred in 1840 when William Howe 


s were used 


eels “patented the truss which has since borne his name. In it iton ro 
for vertical tension 1 members. Thi is simplified the connections at the mae 

nd m ade the determination of stresses in members CORI oping 7 


late Squire Whipple, Hon. M. Am. Soe. C. E,, took out letters. patent 
¥ in 1841 for his bowstring truss, in which cast iron was used for compression 
members and wrought iro n for tension “members. From that_ time iron 
ees bridges were much in favor and r many types of trusses were. developed. and bm 


4 built, some of which were ‘identified | by the names of the engineers who first 


4 


scientific computation of stresses in bridge. members. was demonstrated 


NG 


a in 1847. Without regard to the material used i in articulated bridge. structures, 


_ serious difficulties had. presented themselves in the design and construction of % A 


connections between the he members. The Howe truss: had eliminated this 


he 

culty as to ‘wooden structures. In metal structures, and particularly. those 
cast and wrought in iron combination, the solution ‘of the trouble, was ‘much 
The pin-connected truss that was. evolved about 1858, principally. to 

i meet the. requirements for ‘long ‘spans involving difficult problems in erection, ae 


3 simplified, t the connections. After this form of truss had gained ‘great favor 


there followed the famous ‘pin i versus rivet” war, between American and Eng- 
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practice has Grfted toward riveted construction. 


long’ in vorue oF are ura’ errects a its use in main m mper a 
1 fora hitecti 


abandoned » The largest. ‘all ‘cast-iron, bridge in this ‘country was 


£ over the Schuylkill | River, at Chestnut Street, in this city (Philadelphia in 


The’ failure of a cast- iron railroad bridge in 187 6, accompanied by a serious a | 
loss of life, resulted in ‘the discarding, of this material in such bridges. end 

ag similar action followed ‘shortly with respect to highway bridges. ~ Construction 
Mi : ‘in wrought iron throughout was the prevailing practice e until open-hearth steel a 
became available at a price and of a quality that made it more desirable than 


iron. However, the substitution of steel for i iron had been increasing ‘gradually 


before the wholesale adoption of soft steel. y The first all-steel truss bridge in in ; 

‘this country was built. over the Missouri ‘River, at Glasgow, ~Mo., in 1879 

- Orucible steel was used i in the arched spans of the Eads Bridge, at St. Louis, 


= which structure was finished about 1875. ni 
ae .., Many problems arising out of the intersections of highways and railroads 
with mavigable waters, have been presented to the bridge engineer. Govern- 

responsibility over waterways demands that the channels be. protected by 


ae the steel arch, is used where the ple permit an elevation of the channel 


span that will provide the proper vertical clearance. sufficient clearance 


* 


ae under a fixed span 1 cannot be secured within a reasonable combined | ‘cost for 


gonstruetion and damages, movable spans on a lower grade ine must be used. 
f 


In such eases a combination of the science of the structural engineer and the 


Ingenuity o the mechanical mind is necessary. Up to a certain period. the 


horizontall lving dr wn s an, balan n i z 
horizo tally y Farol vil g drawn sp bal la ced on a a ce ter pier, was believed to 


t any case. ‘Spans that may be moved vertically are improvements on 1. th at 
idea; the popularity of these types is illustrated by the grea number a : 


a. From the ‘frst tron truss bridge’ of 77 ft., built in 1840, the maximum len ngth ‘Ss 
of spans has iar until in this year of 1926 the longest simple truss is 


var 


bes The first suspension n bridge was built in 1801. was a highway bridge, 


with a span ‘of 70 ‘ft. a Chains were used as suspension embers, on which was > 
the wooden floor. In July, 1926, in this city (Philadelphia) 


eile 375 ft. The longest cantilever in the United States at this: time is 


‘first important metal 1 arch bridge was the Eads Bridge. Its 


n 1874. The ‘Hell Arch 


years (1919-17), is 1000 101 


ge of was a ‘center 4 
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jo One hundred and fifty years aro there» were only cities in this country 


any considerable population. Boston had 1 no systematic layout 


jon in he United States, created in 1807; the basis was a mason’ s wire s screen. 
It, however, was influenced by an earlier idea from Philadelphia. The Phila- 
a 4 for delphia design was based on the Penn plan of 1682, comprising a width of 
north and south within the area between 
a recently “History of have what 
is believed to be an account: against ‘William wen for the work done on 


tad ‘To victuals and drink put on board the shallop at different times, £3. ai 
“To my attendance at first commission ‘William Hague,, Nat. Allen, and 


(Even then, it seems, were to advice free of 


“To lodging "Captain William Hague in in my diet 


Sega 1791 there was produced, for a small section of what, is now the ca capita 


e of this country, a plan patterned to some extent after the. Paris idea of the 
4 Seventeenth and | Eighteenth Centuries 2 as further developed by Baron Hauss 


t is asserted that the ‘early ‘conception of the rectangular plan became an 
ie on the municipal landscape of the United States, ‘due largely. to. the 


BA authorized system of Government land surveys, , adopted in 1785 at. the sug- 
_ gestion of Thomas Jefferson. _ Whatever may have been the actuating cause, 


is true that, , with few ‘exceptions until recent. times, the plans of American 
Cities have followed this line of. resistance far as surveying is; con- 
Consideration of topography played but little part. 
* a _ One notable exception is that of Buffalo, N. Yen laid out by J fae eph Ellicott, - 
the younger brother of one» Ellicott, who was. the first Surveyor- 3 
General of the United States who completed: the plan of the. City of 
oF, 
‘Washington on the basis of the designs of Major L’Enfant, Detroit, Mich., gi 
n 1805, had a plan  fashio ned somewhat on the VEnfant. idea. of diagonal 


thoroughfares. Wit ith these se exceptions, until ‘the time of ‘the European and 
English Garden, City n “movement, there. was little variety in. the planning, of 


the. intelligent use. of. boulevards, parkways,, and parks, and. which, has 
stimulated i in the outskirts residential subdivisions of a variety attractiy 
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layout the Centennial Exposition in Philadelphia fifty. years. ago, 


‘municipalities and subdivisions. oN otable. examples were brought forward at 
time of the’ World War, which 1 many towns and houses for 


he must think ahead in planning public works and utilities 


oes His understanding and appreciation of many of the elements of its attractive- 


ness and his contribution to efficiency and economy have received much 
impetus: during the past quarter of a century and it is only ‘reasonable th 


special g: groups of « engineers ‘should | organize themselves. as city planners 


ee City planning has become an _ important issue in many large cities. 8. It is coe. 
to be regretted. that its practice has been 80 Tong delayed. he recent ‘problem 
_of traffic relief has thrust 


been dismayed at the cost of the reconstruction “necessary 


present-day traffic conditions. O -getabol oT 


‘Tunnels are built in interest of The f first’ in the the 


United States, completed in 1821, was a art of a canal. “" he second, 1 er 


shortly afterward, extended the operations of a mine. Tunnels have been 
used widely Purposes water supply and ‘even sanitation; but their 
“extensive use is found in ‘connection 1 n with railroads. Just as the bridge may 


“level up” ines across a valley, so ‘the tunnel can “level down” lines at 


‘Th years highway traffic has become of such economic importance > 


that the vehicular tunnel has laid claim to to the services of the engineer. “I ust 3 = a 


-—% as’ « 
it has | always been necessary to carry railways and highways by bridges aa 


over waterways to “preserve the rights of ‘navigation, s £0, in these later years, 


has been brought into service to relieve the streets of such traffi 


BS ‘as may well be handled underground. ‘Ttis within the ‘past twenty-five years 


only that the engineer has been | giving attention to the ‘subaqueous tunnel ste 


that may provide facilities not readily by af ferry or bridge. 


‘Tunneling has been a relatively « expensive ‘operation. This nation egan 


sti existence one hundred and fifty years ago with “much hope and courage, 
q but with a Jean purse. Even the need for transportation had to be ‘created. 


d a When the 1 necessity arrived, it had to be met with 1 plans that felt. the pinch of z 


economy, for the Appalachian Range loomed : as a a barrier against any -exten- 


lon of territory to the ‘west. This obstacle could for atime be avoided by way 
of the Great ‘Lakes, which ‘idea led to an all- -water route across New ‘York 


State to Lake Erie and from Lake Erie to the Ohio River. sit THOR 


- GEORGE 8S. DAVISON = 
; 
a 
4 
4 The fundamental ‘bs city planning jis the groundwork of 
= 
— 
— 
— 
— 
ia 
| 
— 
— 
a 
‘2 
— 


to that. found favor was the- long journey 
- the Middle West by way of the Pennsylvania Canal and the incline planes pe 
| the Allegheny Portage) Railroad... The heads of the inclines on the two 
sides of the mountain were connected through’ the first railroad. tunnel..con- 
on. this: Continent, which. was -eompleted. in 18338. Through this 
tunnel. the ‘eastbound traffic, of the Pennsylvania Railroad still passes. Since 
completion of this first tunnel the Appalachian Range has held, no terrors: 


ka for the engineer. has piereed its sides and foot-hills. many in the 


An, epoch in the history of American tunnels was the completion, fifty 
ago, of, the Hoosac Tunnel, which; extends. for: 43 miles, under. the 
Hoosac Mountains, in, in Western Massachusetts. This enterprise ‘met with 


"discouraging delays: during the twenty, years between. it its commencement atid 
its completion. Since, that « experience many. railroad tunnels have been built 


most ambitious example, As a rule, all such. tunnels e driven through rock. 

There came a day, however, when the engineer was ‘eompelled to work through 
soft ground above open water, _and, later, to drive subaqueous tunnels: through 


ranks the ‘Hoosac ‘to. and ‘delays, there being an 
a interval of. twenty- six. years between its start and its finish. . The difficulties. 


3 with these two noted tunnels. were sources of great instruction to the engineer. 


The lessons there learned have. made the problems in tunnel work 
The so-called tunnels for subways under city streets have been constructed, 
_ for the most part, in open; cut, the finished form of the subway being 1 rectangu 
7 _ lar, of structural steel, encased i in concrete, The: skill of the engineer in in this 


: of work i is. ni mainly. maintaining | nt the street 


“permitting all sub-surface. utilities to continuously. 
hee There : are certain inventions or practices that have introduced epochs in fa 


"tunnel driving, and that have combined to bring the art to its present, degree 


‘of perfection. ac (The, rock drill was an American invention. of 1849. ‘The com- 


air drill, i in connection. high- grade explosives, “spelled. success: for 
the Hoosac Tunnel in \the. early Seventies.’ The air-lock made the use of 


ompressed imp subaqueous -work, possible. The ‘adoption. the shield 


- _ method for ‘driving tunnels, first cused in 1869, has eliminated the hazards of 
driving through soft materials, 3, In. its first use was driven: forward by 
hydraulic: jacks, but, “nowadays, compressed air under which work is 


usually carried on, more often is used | as the driving force. eden 


1 The first. water-w works, plant, in the United States was built in 1652,; The e 


supply was. by gravity from. _ springs. Pumping. machinery was used for the 


first time in The. pump was of, Lignum., vite, and the pipe to the 
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voir’ was of heidlodk: logs: 1862 this was replaced 


th Steam was! first used for pumping in 1800. The engines were constructed 


a largely of wood, even the boiler being partly of this material. Wooden p _— 
Bal ‘were used entirely, and not until 1804 were cast-iron pipes introduced. 
te they oot 1800 the total number of water-works plants in’ the United States was 
Bowe all, of course, in the larger cities. In the next: fifty years this number 

"increased to 83. In 1875 there were 422; by 1900, there were about 3500, 
were By! 1866, American water-works engineers had begun te to take an interest i in a 
foreign practice with respect to filtration. A The first slow ‘sand filter plant in 


built in 187 1, but it was not until 1880 that any considerable 


a 


a 


Fannin ing’s “Treatise on Hydraulic and Water Supply Engineering” published 
7 ate in 1884 (the first American work on the | subject) contained only ‘nine pages 
descriptive of filtering processes. fe By 1900, however, 20 cities in ‘the United 
vere supplied with w rater that had been ‘purified by the English or 
method of filtration, while 149° cities and towns were using 
mechanical filters , many being of the pressure type. . Soon after 1900. 
te erete began to replace wood and steel tanks for mechanical filters and the 
_ majority of such filters built since that time have been of the gravity type. 
Recent practice favors the mechanical type ‘and many of the existing ‘slow 
filter plants are being rebuilt with ‘ “pre- filters” of that type. 
pak if To- -day, more than 10 000 cities: and towns in the United States have public 


water: supplies. This tremendous growth has been the result of the require- 
ments both for ‘supplies | of p pure water for domestic and other ‘uses and for a 


Tes 
ee fire protection. It has been made ‘possible by the advent of cast-iron pipe, the - 


‘invention of improved pumping machinery, and the development of advanced 
_ methods of One of the most ‘noticeable changes in the art 


economy had been attained by ‘the design of great 
-acting, and triple- expansion pumping engines. ‘Within 
recent years, however, motor- ‘driven turbine or ¢ cent#ifugal pumps have 


a replaced the: direct- acting engines on account: of their lower first cost and a 


‘development of the last thirty years ‘the quite general 


“introduction of the : ‘meter system. ‘With the adoption of meters has come a 
Phat 


= in the method of charging for water from ‘the former flat, | or: ‘fixture, : 
rate to schedules based on the quantity of water used. This method r educes © 


waste, promotes economies ‘in operation, ana tends ‘to maintain expenditures 
for the pumping and filtering plants at’a minimum. TP 
SEWERAGE AND SEWAGE there 


“The of. sewerage systems and methods of disposal has” 


coincident with the growth of cities. Ke 


Empirical formulas, ‘used a s a basis of design 


4 


| 
7 
™ ¥ 4 

‘ 
 &§ 
> 
= 
— 
— 
— 
— 
— 

— 
— 
— 

{ 
— 
— 
— 


en the sewers were 


10 The earliest sewage pumping stations were put into ‘service in 1884 


188 85. As the discharge of raw sewage ‘into ‘the streams increased, their dondi- = 
tio on became intolerable. In 1872, investigations relative to: 


processes of sewage treatment 
an unparalleled contribution to. ‘the art of ‘sewage disposal. 


Arnong the first methods of sewage treatment it in the United States were 
-—gteatinpts” at ‘sub: -surface irrigation and broad irrigation. “BZ Broad irrigation was, 3 


urn { TI | 
replaced, articularly i in ‘New England, intermittent sand filtration. 


organic solids i in sewage were in troduced into 
) 
next decade. Trickling filters have largely superseded contact beds. The 

‘fret municipal filter of. this type was put into service in 1908, and the fine 

screening of sewage was introduced into this country in the same year. Ve 


_ The earliest American installation of Imhoff tanks » was made in 1911, and 4 
a te first, attempt at separate sludge digestion ona large scale, shortly afterward. 


TOC 
q A he most recent development of importance in sewage treatment has been 
“the activated sludge process, which is is the outcome eof experiments on the 


rence Experiment Station ini 1912. The first activated sludge plant was built” aaa: 
oe ‘in this country in 1916, and several large plants have. been constructed since : 
wae 


y at the 


te 


ae Disinfection of sewage was practised as early as 1892 by the use | of chlorine” 
produced electro ytica “The efficiency of hypochlorite af lime was demon- 
strated later. At present, liquid chlorine i is more widely. used, “oth 


&i 
One-half of the one and fifty years: with which we are dealing 


SA 


passed before metal was used as a building material. In this earlier period 


outside and ‘intermediate walls and interior rows: wooden posts bearing 
~ longitudinal timbers, all supporting ‘the floor joists, carried the weight ¢ 


and its contents to’ the foundation walls, which were of the | con- 


inuous type } wW \ With this character of construction, buildings of more’ than five a 


1a 


fee ries were seldom built, because such structures were ‘not readily accessible =“ 


their upper floors, and, i in 1 addition, required walls and foundations of unrea- ‘, 
nable thicknesses, thus adding greatly to the dead weight of the 


five- “story covering a city block in New 4 


with its four faces of cast iron, built in 1859, is still in use. The frame-— 


> &g 
eS 
4 
< 
fas 
Lawrence Experiment Station of the Massachusetts State Board of Health Z 
in § 
| 
we 
— 
ed # 4 4 — 
¢ 
# 
i 
_ 
; 
at | 
| | 
— 
| 
> 
— 


“work the Crystal Palace. located: ou! the present site of Bryant, Park, New 
York, and built in 1853, wi was entirely of cast and wrought iron. 


beams ‘were first rolled 1854. It ‘was probably as late 1870, or 


_ about fifty-five years: azo, that beams, channels, angles, a and tees were available. 


About, 1884 the rolling of shapes changed from iron to steel, and within ten 
years but little iron was rolled into structural shapes. sift 
With the advent of the rolled beam, efforts made to reduce the. risks 


§ in large buildings by using these shapes as. floor- oor-beams| between 


segmental arches, This practice. prevailed: generally 
until the Chicago, fire i in 1871 , during which incident the disastrous effects’ ot 
fire on the beams - was ; demonstrated. e; Thereafter resort was. had to other prac- 


tices that involved various forms of hollow tile, and when. arches between sorte 


: fe or- beams were of this n material , the beams: themselves were, encased i in hollow wo 


ile forms. ntermediate arches light weight, such as of ‘cinder concrete, 4 
by. also have been popular. ~ Of recent years the reinforced concrete slab floor 4 
There came a time when it was recognized th at land areas must be a 
more intensively in the business sections of cities. In the vertical expansion 
Ge iil DOL S267 98 


eas ee of bu ildings to meet this necessity the important problem was to provide aay 
to the higher Tt was ‘sixty ‘years ago ‘that the first ‘suspended 


of elevator was installed. The first’ e evators were steam- operated. the a 


ye are owe 


‘suspending cable being wound around a drum. The hydewalte plunger. type 


followed. Now, the electric ‘elevator ‘has s largely ‘superseded the earlier types. 


‘Thanks to the of structural shapes and the elevator, buildings 
began to creep skyward. | y 1885, ten-story buildings were being built, In 


skeleton ‘established by its use in all but party 
‘In 1891, or just thirty- five years ago, , the use of weight- bearing walls for high 


ae buildings ceased, and the full skeleton type 0 construction had been adopted = 


q ac At that time a twenty- -story height was attained. The practice of supporting 4 
: = walls of each floor independently | of the others and upon the skeleton 


structure ‘permitted the discarding of continuous, foundations and the. 


of isolated footings as supports for the posts. 


x F ad Buildings of forty stories in height are becoming quite common, and there és 
are a few examples of even fifty stories. United States was somewhat 


behind England the use of. metal columns and: beams in building con- 


_ struction, but, once the wrought-iron shapes were e available for this purpose, the a 


_ American engineer moved swiftly to the skyscraper, which has proven 'to be q . 
a most wonderful structure, in that. it conserves space horizontally, provides 
s nearly as possible fire and storm-proof quarters, and affords better air ‘and ee 
4 natural light, while ; its floor spaces are adjustable to'any combination of par- 


titions, From the first rolled beam. to the all-s skeleton thirty- 


; Within the past twenty years great advances have been made ‘in the quality 4 | 


reinforcing bars. ( a new: shape in steel) in casting beams ‘and ‘Posts in place 
Bane tigi has brought ‘reinforced | conerete into competition with steel in skeleton con- 
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no ‘Oe! ‘the: ‘Engineering Profession | ‘is’ ‘more tinged with 

fomanee than ‘the work of ‘the irrigation engineer. ‘The creation of fertile 


| id where once the s sage and cactus suffered a shriveled existence, lends itself at 
Bs readily to fanciful dreams to escape glorification by authors and scenario ep 


* Trrigation dates back dbiviat't thousan years before the time of Christ, 


when of Egypt, once: desert lands, were transformed into garden 
_ Spots by primeval engineers who constructed hydraulic works to control the 


overflow of the Nile for its deposit: of rich alluvial 


am honorable status is also attested by the fact that practical ly the first Serip- 
tural reference to agriculture r relates to irrigation in ‘Valley. of the 
‘Euphrates, for in Genesis,, 2:10, we find this statement 


ai ‘And a river went out ot Eden to water the garden ; and from ‘thence it p 
‘was parted, and, became into’ four heads.” ot Ae 


i= 


OF 
Irrigation continues in practice in, the Far East, and, although it is still, 
some extent, using devices similar to those employed centuries ABO, some of 
the w world’s major works, and some of the 1 most advanced | practices in irrigation, — 
to be found in India and Egypt 
46 _ Excepting only the primitive efforts 0 of the Indians along the Southwest — 
border, irrigation was not, i practiced on scale in the United States until 
o readily accessible for agri- . 
“culture that it ‘was s unnecessary to resort to the more expensive development — 
farm irrigation. The hopelessness of attempting agriculture by rdinary 
methods; in that region of restricted rainfall which they then occupied, led con 
the Mormons to initiate irrigation. _ This ‘movement has since been developed 
such an extent that there : are day i in the United States more than 63 000 


, while simple. ‘when 


~~ 


& 


fu Sq 


the once worthless desert land for x raising ¢ ‘crops. 
a Irrigation 1 was limited to the smaller and less dladlehniie developments cae 
when the plan was inaugurated of using Government funds, derived from 
4 the sale of public lands, for the « construction n of large projects, the funds thus 
E * _ expended to be repaid to the Government by 1 the settlers ¢ on the land reclaimed. 
ty This work has been prosecuted under the direction of the United States 
"Reclamation Service, and the great dams and reservoirs built by this organiza- 


ti tion are outstanding monuments to modern « engineering ‘skill. To date, this 


has expended about $165 000 000 on construction works alone and 
for the year 1925 was 216 610 a acres, andthe me year w was at 
6 488 500, or $54. 65. per acre. 


| 2 more 2 than doubled to a total of : 263 818 ac 


281 541 irrigated farms with of 19191 acres being irrigated, 
being nearly 2% 
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the United States. The total capital invested in irrigation in 
United States, as reported | by the last Federal Census (1920), amounted 
$697 657 328, “and. the total value of crops for the census yea 


nomic i r r n 
economic value ‘of ir irr on in Western agricultural a1 
ndustrial | expansion, and the important relations ip that ‘this expansion 


- bears. to National development and security, in both its economic and military 


The ‘Civil ‘Engineer deals w with quantity, time, cause, ‘effect. His 


problems involve dimensions, form, and “motion. He ‘creates: to- -day 


destroys to- morrow, but ‘out of the destruction new forms arise of improved 


a design a and greater utility. _ Experience may be a guide for his future policy, 
but he cannot rest on repetitions of 1 methods that may have brought him fame. ¥ 


Hen must be alert to 1 the ever “changing conditions about him, recognize the 
gt 


problems they create, and apply wisdom. and ingenuity to their solution: 
He accepts physical laws" sas immutable. In the past one hundred and ‘fifty 
Years he has developed no: new 01 ones, ‘but he has subjected the familiar ones 
_ to a more searching analysis. is New tout of fuel have been found; the steam — a 
engine has. been developed ; electricity: born; and the key to distribution of 


power found. Less drudgery, better health, and more leisure—these are ‘the 


realities of the American life to which the ivil | 
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HELICALLY REINFORCED ‘CONCRETE COLUMNS 


By A. W.  Zesicer, M. ‘Am. Soc. 


| A. W. Zesicer,t M. Am. Soo. C. E. and E. J. Am. 


columns, with and without helical reinforcement, under working Toads, is 


mentioned in Mr. Thompson’s discussion. { Information of this nature for 
and plain. concrete columns under compression is fairly 
Fn euch | data the modulus of elasticity is given, and there is really much 
better information 1 regarding the behavior of concrete under loads up to those 


that will produce a shearing failure | of plain concrete than for loads i in excess 
of these. The writers, however, are ‘more concerned wit e action ‘that takes 


doar Ga shearing s strength of plain “concrete has been reached , in order 


pla 
c to ascertain wherein helical reinforcem ment exer s such an influence on th at 
““yltimate strength of a column thus reinforced. As stated in’ ‘the paper, 


slog 


=. constants used in a working formula should ‘always be predicated upon the 
be “properties of the materi al a t failure. In this manner on is it possible to 7 
determine any given ‘factor of safety ‘since, ‘as is well known, the values ” n, 


ete., do not by any means vary in direct ratio to theload. 18. 
effect: produced in the diameter of the helix by the 
A, 


edlumn utider load, and its ‘consequent lateral expansion, is less than that 


assumed by, Mr, Thompson. It is really. so small that: it may be considered 


9.7 


36 negligible, in all cases, as the following extreme example will show. In addi- 


tion to the notation previously of biuow 
= the length of ‘one unstressed coil of the helix. 
s => the pitch of the unstressed heli lix. 4 
f = the compressive. stress in the concrete. ston! { 


yo “tasiej = the pitch of the helix when stressed. int! od 


= the diameter of the helix when the pitch becomes equal to 8,. 


i bad D, = the’ diameter of the concrete core due to expansion. lide 


; 57 Teabetld on the paper by A. W. Zesiger, M. Am. Soc. C. E., and E. J. Affeldt, “Assoc. Cc. 


Am. Soe, C. E., continued from August, 1926, Proceedings. ott 
t Engr. in ‘Che. of esign, Cleveland Metropolitan Park Board, Cleveland, hio 


Asst.. Engr., The Grasselli Chemical Co., Cleveland, Ohio. oe WOH 
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that, D= 6 in. =2 n= 27; = = 111 000; 


m= 2.5; and f= 3-704 Ib. per sq. in. Then, — 0000316; =? = 1. 001145; 


ad 2, or the increase in diameter of 


fee _to shortening of the column is less than one-thirty-fifth of that due _ to 
expansion of the conerete for this_ for columns 


column formula deduced by Mr. Thompson is quite ingenious, but 
predice ated on the same defective assumption _as that, of Euler, namely, 


that an ideal column. will deflect. without any f causing it to do. so, 


whereas a an ideal | column with the load axially. applied should not. 


demonstration would seem to indicate, however, that 


ae. cause failure of a concrete column for values of” — less than’ 100, and the | 


Bers writers, therefore, v would appear to be conservative in suggesting a ‘ratio of © 


Referring to Professor Eddy’ discussion* the: writers are 


_ whether he ‘takes exception to their original use of the word ‘ “incipient” 


= 


fin 


= 


Pan implies that there is no friction between the the es of! a concrete column 

until rupture has occurred. In using the word * “ineipient” the writers had in 4 


3 mind a relation between the particles” of a column such that. motion was 
on the very verge of ‘commencement, but had not yet started. This is is prob- 
ably an incorrect interpretation and the word has, therefore, been omitted. — 


If, however, Professor means to imply that friction -eanniot) exist 


1 


a 
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unable to agree with him and feel 

“ing opinion. will not support his view. Tf the latter: interpretation of 

discussion is correct it would be interesting to know how Professor 


"reconciles his view with ‘the fact | that concrete columns Jo not shear along” 
ee plane having an “inclination of, 45° _with the horizontal, since the shearing 


stresses would be a maximum and the shearing resistance a minimum along” 


eS writers feel indebted to Mr, Harder* for his interest in their paper x 
and his comparison, of their ‘treatment of ‘the. ‘subject. with | that of Rudolf 
Saliger. The. practicability. ‘of theoretical reasoning, when applied to 
é material such as concrete, is, of course, a matter of opinion and Mr. Harder 


d perfect right 1 to his views. - A study of literature pertinent the “sub- ‘ig = 
of conerete construction would seem to indicate, however, that by far 
the majority of the design formulas now’ in use are based on “theoretical — 


‘Saliger, the writers originally ‘made the 


(17)¢ and omitted the term, % E, but later discovered the 
annot agree» with | Mr. Harder’ s contention that” Equation (qT ) does not 
ain unless the helix is wound on the concrete core. under tension. It is 


away from the helix, but this can be by 
_ proper: values to the constants. On the other hand, if the | helix could a 
wound 0 on the concrete -eore; under tension, the lateral pressure against i 


= concrete would thereby | be _increased unless the tension. in the helix fe if 
be adjusted 80° as ‘to compensate exactly for the shrinkage of the core, which | 
‘is, of course, practically impossible, and an would no apply. 


the term, ‘simplify i in any. way the final result as given) 


and especially in the working Equation (28a).¢ About 

the only” difference “between Equation (21) Mr. Harder’s equation, 


ay 


oer ‘correctly deduced from the writers’ Equation (21), is hardly successful. 


7 


; _ * Proceedings, Am. Soc. C. E., May, 1926, Papers and Discussions, p. 1006 


Loc. ‘cit., May; 1926, , Papers and Discussions, 1010. “aot 
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lee an example of -algeb 


_ tion, he seems to have lost sight of the basic facts on which the theoretical 


equation is ‘predicted. When p’ = 0, the equation, f/f,’ 18 correct, 


but for that value of py only. ‘Th "Worl, constant for any given 
36 crete, W hereas f, varies as as | . As p’, and consequently» the quantity of 
steel, increases, the lateral restraint of the column becomes | greater and the 


a vertical pressure necessary > to produce a lateral deformation that will cause 
be rupture of the concrete i is | proportionately increased, resulting in a greater 


and “lateral deformation and, consequently, in ‘an increased 


p’ other than 0, Tt fe ; 


therefore, cannot predicated on theory. xxilod ‘out siside 


ae ra a ook The coefficient of p ‘ in the third term of the right- -hand member of Mr. 


met 

‘Harder’s equation increases m increases, whereas it should 
decrease. Consequently, the German design formula, ult bot! 


canno t be founded o but must be purely empirical. Tnasmuch as 


aa 


, ai 


Referring to that part of Mr. Harder’ discussion’ wherein he states that, 


nee “Sf one were interested in the history of theoretical derivations, the statement 

: that, until recently, writers have neglected friction in the concrete, will need 

some amplification” , the y writers are well aware of the f fact that frietion i in the 
concrete had been considered | prior to the appearance of their paper. In fact, 

they explicitly stated* that Navier has given the true a | of granular 

stances in compression. The late J.B B. J Johnson, M. Am. . Soe. | E., and a few 

im others, including Saliger, also have taken friction into account, | but the great 


z majority of. engineers” seem to have neglected it even though they may have 


i eae. In using Bach’ 8 tests on prisms Mr. Harder seems to confuse the s strength 
‘eubes with what the writers" term concrete, as 


, 
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a prom writers have never ‘made o or witnessed tests wherein the ratio of height 


breadth ‘was. 0.5, it would appear to them that, in such case, the! ratio of 
shearing to crushing failure’ would be very § small. L A ra ratio of 0. 85 to 1. 41, 


although still ‘somewhat too low, would. represent a more nearly correct rela- 

ty of tion between shearing and crushing strength ; that i ims oid oF + 

‘From the ‘foregoing it should be. obvious ‘that Me. Harder’s d determina 
eased m from Bach’s tests is in ‘error, of loote 
The writers were. well aware. of the complication of stresses in eylinders 
subjected to. axial stress, as described by Professor Griffith*. Tt how- 
tei + ever, and still j is, their belief 1 that th the principal, stresses causing f failure in a y 
short, helically. reinforced concrete column are so- -called. shear and crushing. 


using the expression “so-calle ed” the writers have in that every 


@) 
“failure, “whatever its nature, or however it may be designated, is in reality 


\ if some type of tension failure, When the cohesion or bond, by w whatever term 
it may be designated, between the particles: of a ‘substance i is. ruptured, failure 


AE. 


ute of the material takes place. Whether the particles are pulled a apart, “pushed 
side apart twisted apart, the fact | remains that they are separated. _ For the 
Mr. sake | convenience, and as a sort of mask for the prevailing. ignorance con- 
ically ; cerning the phenomena attendant on failure of the material, it is customary — 

om] ? ‘to speak of shearing failures, ension ailures, etc, a is” the writers’ belief, 
sow however, that the ultimate ‘cause of all these “types of failure ‘is. some in 
of tension. In so- called crushing the principal factor tending to produce. 
of the material seems to be an induced tension at right angles to 


; 
Ar 4 the Tine of action of the principal stress that is, tension along the a. 


Professor Griffith has so clearly stated ed, the majority of tests on con 
a crete columns thus far reported are ‘sadly lacking in the refinements essential _ 
Oa 
F the attainment of precise data, and there urgent need of further research 
+ his ‘discussion Mr. ‘Tuckert States t that. certain “equations are“ 

that, | that many of the conclusions are “erroneous, ete, “The writers frankly 


ment | admit that +t they: are unable to follow his criticisms. “In view of the f act , a 
need r. Tucker so often gives an interpretation to their language and mathe- 


n the that is at utter variance with what is is stated, they are constrained 


fect, ‘believe that the mi majority ‘of his criticisms are based on a sinters 
*sub- the paper. “Had he offered any proof of his various assertions as to the 


a few “non-validity of the writers’ mathematics, etc. they would gladly have at: 


have “In | reply to the various points raised in Mr. Feld’s discussion} the write 
ength (a) Tt is ‘true th at their mathematics assumes a uniform shearing plane. 


* Proceedings, Am. 
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te, as ley are aware, Of course, OI the Tact that no granular mass will shear a 


n preventing crushing”, ate, the 


in the prevention of a shearing failure that it does’ not seem economical to 


use steel for the former pu purpose. e. This is. indicated by the graphical r repre- 


sentation, of Equation (23)* ‘in ‘Fig. Mike that will 


There do not seem t to’ be sufficient data available to indicate whether, 
s enough steel is s used to preclude a a shearing failure, crushing of the con- 


will occur: at or below the elastic limit of ‘the steel. oT 
Mr. Feld is correct in assuming that is the radius of ‘gyration of 


column. ‘The ratio of length to of ‘column is undoubtedly 
more simple quantity, but the writers are unable understand wherein 


the use ‘of such a relation would ‘tend to minimize possible errors. Thasmuch 


he, 
ees as, for a constant width ‘(or diameter) of column, r varies with the amount 


reinforcement used : and, therefore, takes it into account, whereas any 


‘relation between t the length | and minimum width (or diameter)! of ‘column 
er ignores it, the use of the ratio of length to least radius of gyrition w would 


Referring to that f ‘the writers’ papert wherein it is demonstrated 


that the extreme fiber stress. that will shear out. a wedge must be about. 1.75 


“times the average stress that will | cause the column to. shear across its entire: 


 eross-section, they did not state whether this extreme fiber stress equalled the 


rushing strength of the concrete. There are few data from, which to deter- 
mine the crushing strength of conerete. would seem, however, that. such 


strength is approximately “equal to 75 times the stress that, will cause 


preferable. 


shearing across the « entire. column ss-section. rH ‘This, of applies. 
— only to plain concrete columns, Mr. F eld’s statement that the authors’ equa- 


ie ‘tions “ give the same ssibil lity ‘of failure for a given load. placed, axially 


a or with ‘an eccentricity of one- eighth the diameter,” not. correct even for 

plain concrete. The flexure. that an eccentrically applied load. will cause 


4 a column of appreciable length will, produce an additional engentrisity 
‘resulting i in an extreme fiber stress of more than 1, 7 times the average. 


4 action is even ‘more noticeable in reinforced (especially. helically reinforced) 


concrete columns i in _ which the average stress : approaches the crushing strength | 

crt; the conerete. Even i n the case of columns rein forced only with Jongitudinal | 


‘rods tied tog ether at intervals with | bands or wire the steel resists a a. shearing 
failure toa greater ‘or lesser ‘extent and, therefore, increases “the. average 


stress in the concrete necessary ‘to ‘produce a shearing ‘failure, 
Lee _, The writers were aware of the fact that shrinkage of, the concrete in se set- 

7 ting » will affect the value of the helix, but believed that the constant selected 


: for m in their working ervation would, to bn: 
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VIRTUAL ‘WORK: A RESTATEMENT 


“has pointed out the application of the theory of virtual work when ae fibers 


of. the structure are in tension or compression, and tt the manner of computing ti 
in a given direction by assuming a hypothetical force acting in that 


A direction. H e also mentions the ‘method of computing rotation based on ‘ten 
sion and com ression in e fibers. _ 


> Tf, in addition, shear in the fibers is aid the torsional deformation 


J (as i in a shaft) © ‘will also apply, as well as the deformation | due to ‘simple shear. x ie 


= Thus, in the cantilever beam of Fig. 10, to obtain the full deformation i in th 


direction of. the - force at the point, P, not only is the deformation due to fe - ae 
direct ‘thrust in the direction of the X- -axis and the moments about. the Z ho 


Y. “axes to be taken, , but also the shear in the direction of each of ‘these axes an 
the torque about the X-axis. As a rule these shears may be neglected, = 


the torsion does n ot often occur in engineering design. _ However, when it 
does, it may become an important element in the deformation. __ ee nara 


one of these six elements pf deflection can by 
rate computation by virtt 


‘Harpy Cross,|| M. Am. Soo. 
nterest the discussion by Mr. Doerfling,** but is ‘anahlie pi accept his coneep- 4 


- tions either of virtual work or of the laws of statics. Mr. Doerfling statest+ a, 


q 


4 pring piecuaaien of the paper by Hardy Cross, M. Am. Soc. C. E., continued from September, : 
; Procee mgs. yer 


t Head of Dept., and Prof. Cty. South Dakota State School ‘Mines, Rapid 
§ Recetved by the Secretary, August 20, 1926. proey 


an 
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CROSS ON VIRTUAL ‘AL WORK: 


that the transition from one state of equilibrium to the other, 
“panel point moves | with all its forces in equilibrium” a view of the phenomenon 


motion” which is also stated algebraically. This, correct, would: be 
an important addition to the law ws of physics. 
‘The by ‘Mr. Doerfling* that 8 -P, is simply} an identity. 


given direction (the .of P, and §,). Hence, 8, 4 M 
Doerfling is correct in stating that this. is not an equation of the 


terms, “hypothetical: “equation” and ‘ ‘imaginary equation”, are w to the 


_ Apparently, Me Doerfling is, trying to deduce displacement rel: ations | from 
ee the true. ‘internal work of structures. (Of course, such a 
method, if logically app plied to elastic structures, “Teads to equations | identical 


those reached by virtual work; and it may even appear to lead to ‘the 
same results if ollowed illogically, but with and purpose. 
ei e Considerations of real ‘work, however, are not used in the method of virtual 


as = Ww ork, a method which Mr. Doerfling has failed entirely to grasp, sinice he states 


the inclusion, of j imaginary or hypethetcel stresses jis unneces- 

method of. virtual work leads to ‘equation, 4=>2 u in which, 


we 4 is the unknown. external movement resulting from the PETA distortions, 8. 
The meaning of the t term, u, however, is not always. ‘made clear nor are the 
limits: ‘of the summation. ~ Perhaps. the most comprehensive statement is that 


the u-values are the imaginary resistances to ‘distortion 


stresses) produced by an imaginary unit load, “coincident with A an 
imaginary framework or structure which will support this i imaginary load from 


= points of reference. > is essential to understand that the reactions to 
“dummy” load with vith the principle operates: are fixed fixed in in position and 


direction by the reference from which the displacements are are ‘measured. 
re! 


er Thus, in the truss iss shown i in Fig. 11(a), the displacement of Point a, in the 


a», 


: “direction shown relative to the e line, b c, and Point b, may be four nd from 
ee zu 3 in which, w is the stress due to load unity on the truss. shown in Fig. ; a 
ag a 116). “However, any framework that is made 1 up of any or all of the bars of & 
the origir support a a load at a from Points b and ec, “| 


original truss and that would support a 
might well have been chosen. A framework as. shown | in Fig. ‘11(c) might 
Be eo even be used provided the value ‘of 8 were known for the false bar shown & 


Also, in the beam in Fig. 12(a), in finding the i of a with 


£3 
reference to b and ¢, u may be taken as the moments along the chord, be, due 
a unit load at and then the integration, fu. may be persormed or 
ae ee m may be taken as s the str stress in n the ‘truss | shown in Fig. 12(b), or in any such he | oi 
framework connecting a with . b and and = u 8 may be applied to ‘the imag- 
The principle is entirely a geometrical tool derivable from the principle b 
the conservation of energy. does not deal with, nor does it 
: Proceedings, Am, Soc. E., September, 1926, and Discussions, 1482. 
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furnishes 80 simple complete 


al ‘that ‘the writer is surprised that Mr. ‘Doer- 


‘ting considered it substitute a demonstration which | 
tedious and incomplete. Doerfling begins: his demonstration with a 
statically determinate structure and at some point not defined extends it to ak: oo 


indeterminate structures. The limitation of stress-strain proportionality 1 makes 
inadvisable to consider the reciprocal theorem as a fundamental. 
‘Illustration o of the utility of the reciprocal theorem does “not properly 
belong in this. “paper, ‘as the writer specifically stated. The writer tried to 


ot 


condense the paper as ) much | as possible: Professor MacLean* ‘thinks that he 


oe considerations of true internal work. It is not, therefore, dependent onthe et ee 
validity of Hooke’s law, as Mr. Doerfling seems to think. That to be found 
og almost exclusively in the literature of engineering results from the fact that’ — a q 
the — 
— 
i, 
tual 
ates 
0» 
oop 
3 to } — 
rom § seems to involve a logical absurdity, although an uninp en = Fg 
Fig. § is obviously possible to imagine the unit force remaining constant during the IE i. 
ic, | 
&g 
due 
uch 
lag- 
U. H., September, Papers and Discussions, p. 1450, 


CROSS ON VIRTUAL WORK: A RESTATEMENT. 


the opinion that engineering papers in general are extensive and 

that: the Titerature > of indeterminate structures especially has suffered from 


Rathbun* is correct i in stating the broad applicability of the prin- 


= ciple, although such application often presents ‘mathematical difficulty. 


Kuk In beams, the expression, u 3, takes the form, m L , , and it follows as a a corol-, 

ih the deflections due to slightly bending any line away from its” 

original position can be evaluated ¢ as bending moment ‘on the chord to 

the: angle changes” as -Joads. This may be readily proved by the geometry of 

small ar angle changes. . From this, other as shears, tangent 

- oon Theories of structural action appear only when an effort is made to evaluate. 

and in terms of actual forces and bending moments. Thus, the relation 


external displacements to internal distortions in structures is not “subject 


5 
- to question; the values of these distortions in actual structures” is subject to. 


some question, bu t the ‘significance: of these distortions as ‘indicating failure 


is subject to ‘eonsiderable dispute. ndhie it) edi 
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AEROPLANE TOPOGRAPHIC ‘SURVEYS 


Marruss,t M. Am. Soo. E. (by letter). $—The author 


= 


aerial, ‘photographs, i in the construction of ‘maps the particular process” 
e of the paper and treatment of cs 


sions, and in the belief, also, that the profession i is entitled to know the posi- 


tion which the particular ' process d described by the author occupies with respect 

_ to other aerial mapping methods, an aspect that was not touched on by Mr. Cesat 


i. ‘There are at t present t two distinct, schools, : if they may be so styled, of aerial a 


to all. forms of aeroplane topographic surveys, To correct any such impres- 


surveying. One school undertakes to make _maps from aerial photographs, 
either in mosaie ori in ordinary by comparatively simple methods 


draftsman can master them in a short time. this school the ‘derial 
‘activities of the U. S. Survey, Topographic Branch, which 


ping ‘operations ‘of the Dominion of Canada, the Topographic ‘Sivey of Wha 


“now: leads the countries. of the world in the quantity production of aerial a a 
Gove nment maps; the > aerial surveys 0 of the U. _ 8. Ww ar and Navy Depart 


ments; and a host of lesser aerial s surveys , for corporations, municipalities, and 


~~ private individuals. In most of these aerial surveys, seale errors and distor. | 
tions such as are mentioned by the author and are normally inherent in aerial he zi 
‘photographs, are either eliminated ‘through correction by the radial orientation — 


North America, to date, by far the 1 majority of evil maps bas 


© Discussion on the paper by George Soc. C. 


For a description of the method of radial n, see Transactions, An. Soc. B., 


writer § — 
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ps reasonably tree from the various dis- 
bject |  tortions described by the author, and based op the fewest possible num 
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seales than 1:5 5 ‘000, , these ‘methods do always effect material ‘econ- 


 omies over ‘mapping, by, ordinary ground s surveys: for reason. . that at ‘these 

r scales the labor involved in | correcting errors scale, 


The other school of aerial surveyi ying, in which the process described 


yy the author, makes use use of highly precise 0 optical -mechanical appliances ai and 


as for its chief characteristics: (a) The correcting of each individual photo- a 
raph for tilt and scale errors by a “process of re- photographing known 2 


eotification or ‘restitution (a term borrowed fom. the French and widely used 


in Burope) ; ; and, (b) the determining of differences of elevation in the tert 4 ; 


rain through measurement of the parallax of photographic images common to . 
verlapping exposures. ‘The author has given the best description of prin- q 
involved that has yet appeared in print. It is “important to note 


tive laoyarR te 


“extensive ground control is required i in order to insure accura results, and r 


_— that all exposures must be corrected for scal le and tilt errors, even if the dis- 


erepancies involved are 80 ‘small as to be inappreciable by the other ‘methods 
ie process ‘deena’ by ait author is ‘the only o one of its kind | jn actual ot 


commercial use in North Iti is not, however, the only procyss its 


in and as many ‘more are in process of development ii in ica and 


tive effort that has s being 


’ 


in this is surprisingly large in view | of the cost of 


the appliances and the rather, limited commercial market, for ther. Thus 
Governmental mapping agencies have not to. use “equipment of 


As class, optical- -mechanical mapping processes have proved to be well, 


ha adapted to the making ¢ of maps on scales | ranging from 1:10 000 to as large as 
1:1 000, and have attracted le of the, ease, with 4 


standard ‘scale .of the U. Geological Survey topographic 
_ Yemains to be seen. In Europe much experimental work has been done: mahi 
direction, but to da date no small-scale surveys of large areas hs have been under 
taken with apparatus of this kind. oldizitzen of | to 2. bodjom 
The author "stresses the refinements n necessary for correcting ‘the photo- 
graphic: data hefore they can be utilized in the map, and for determining dif- 
"ferences of elevation. These refinements ‘are’ characteristic of all optical~ 


mechanical methods. However, it should not. be imagined. that the degree 
to be maintained i in this part of the is. ril 


with para 
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urement of which involves exceeding 


assume an case, ‘namely, between ‘eenters of over: 


photograph. of 25 camera 4H, of 4000: ft.; and a scale 
j 


is that after these p parallax ‘measurements have been 4 


“derived” from ‘the individnal ‘exposures—still’ yemains 
- to, as does also the correction of the contour lines and other features for dis- ae 
placements caused by perspective, and for scale errors caused by differences ¥ 


‘elevation. these respects, the ‘process described by the author appears 
i e much the same as the other aerial “mapping methods; red is her ae 


exposures is ‘required. Tt is here, also, that “frequently ‘much’ of the 


precision ‘involved in rectification a and contour determination is ost again; 


- for, as in other mapping processes, , this part of the work is a hand- -and- eye job 


4 subject to all the chances for error resulting from varying degrees of judgment, — : a 


skill, and “pep” of the individual who transfers the lines and symbols from 


to the map and fits them to the ground control. 
The’ author dismisses this part of the map-making | process in less” than two 


ore 4 wi vik a i 
hundred words under the of “Plotting and Tracing”,+ leaving the reader 


with | an “incomplete picture of how all this material that has been worked 


over with’ 80 much painsta ing care “finally finds its way into its appointed — 

in ‘the map. Tt is highly desirable for the author to shed further light 


“preparation of maps: of all Kinds the most prolific sources of error occur 


plotting the detailed data, whatever their o origin and accuracy 


y may be, in their 
proper position. some of the ‘European optical-r -mechanical ‘Processes | 


inclusive of contour lines, are drawn wn mechanically ¢ on the map 

“means of a -pantographic ‘attachment forming part of the stereoscopic 

‘apparatus, thereby éliminating, very largely, errors in draftin n 


Owing to the extreme delicacy with which parallax measurements must be 
tartinein 2 city 
made,’ , errors in the position of photographic images, however minute, 


due to 
- film and lens distortions become sources of material error. As po inted out b y 
the author, glass plates must be used instead. of film, but his statement to 


effect that film is “inappropriate for the purposes ‘of aerial” mapping”, , 


entirely” ‘too broad, applicable only ‘to ‘aerial mapping by optical- 


mechanical “processes involving "parallax measurements. > 
Film has been and is being used much more ‘than’ pl plates 
‘aerial work. Most of the larger aerial mapping agencies in the world, 


bd Proceedings, Am. Soc. C. E., 
Loc, cit., p. 88825 acer iota, 
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ety a displacements mentioned by the author, to anal film is s subject at times. | 

_ The errors in the position of photographic images resulting from, this, nouns, 

well. as those due to lens. are only of. academic interest in 


i average more than the width “of a line, “hich, after all, is the, limit of — a 


ly of the mosaic type of aerial ma 


Aa that it has been called “a caricature of the landscape”, and that “the -weaknes 
a mosaic, fatal to its use as a substitute for the engineering map, is its 
of uniform s seale’ The writer i is fully aware of the. shortcomings of the 


4 


u mosaic, but believes in looking the facts in the face. Briefly stated, the « demand 
for mosaics ont the part of engineers is far greater than - for Tine “maps. _Engi- 


neers are not. averse to using maps known to. contain ‘errors, | having learned 


- through experience to place but little trust in the scaleability of any kind of 
1ap. The discrepancies inherent in | mosaics have proved, as a tule, trivial " 


alongside the blunders, and | omissions it ‘inherent in in maps made by ground sur- q 

Mosaics afford information for engineering as well as commercial 

‘that the best line map cannot. ‘supply, and convey, asa. rule, infinitel ely 

-more the engineer's client. ‘This latter consideration is paramount. ‘ad 

remarks apply more particularly to. topographic maps for 

reservoir sites and for other purely engineering purposes, which must neces- be 

sarily be of the line- -map type with contours. © These form but a small frac- a 

tion of t the demand for. aerial maps. Speaking from intimate contact with 


aerial. mapping. industry, the writer has learned. that the bulk of aerial 
are for Jand development, transmission line tax. 


{ 


nost cases, mosaics. 


~ 


will make maps directly 


these. to. a minimum, past for. contro this be true, then the 
xc described by} him still i is for from m ideal, for its, characteristic i in common — 


but contour lines do not appear to be essential in the of ‘maps 


to the extent that they did | before the advent of aerial SUTVEYS od) { 


ye a _ The greatest demand for map-making exists at present in South: and Cen- 4 
‘tral, America, where vast areas are so. densely covered with ve, etation as 


make ground surveying for the purpose o of establishing ‘control points, such 


as described in this paper, a practical impossibility. For the same reason, con- n- 
tour location by parallax methods: becomes : a doubtful expedient, because over 


Proceedings, Am. Soc. C. E., March, Papers and Discussions, Dp. ‘200. 
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ON ‘AEROPLANE ‘TOPOGRAPHIC SURVEYS 


“large areas the cannot be di 


interesting to learn 


method i in such regio 

a general the us use it would 
appear that they are best adapted t : the production of la large- -scale contour maps 
in regions where an abundance of ground control can be obta ned ‘cheaply. 
‘This i is the case in European | countries, where cadastral maps of great accuracy E ea 
are available : for use as ground control. % This feature has had n much to do ) with ‘ 
the success attained by optical mechanica mapping processes in those coun- 


tries. To what extent such methods will be found economical in the Americas, — 


dy | Datel» bald ti 


a when ground control asa rule by its absence or difficult to 
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LAND OF IRRIGATION 1 PROJE CTs 


‘Avaustus Grirrin,t M. Ast! S00. ©. E. (by letter). g—Thé writer pleased 


wh the frank discussion of this paper : and wishes to express his thiaiike to those q 
who have contributed to it. It is not a simple subject: either to outline or to. 
2 - discuss . The details of land settlement and its attendant problems vary widely 
The « one fundamental fact brought out is is 5 that the problems are compara- @ 
tively simple if the land is worth the 2 price. Quality of soil, “price of land, a 


annual costs of « operation and maintenance, and costs of land preparation are 


relative and are of greatest significance in relation to products | and markets. 4 
fe ime is an important factor; the poor project of to- day may be the good — 


o of the highest costs paid by the pioneer settler may be  isol lation— ‘the 


lack of social intercourse and lack of educational and cultural oppor- 

7 tunities for a growing family. ‘The most pathetic ‘regret the writer has heard a 
expressed. by a man who had lost the ‘substantial savings of his active 


in an agricultural ‘venture in pioneer section ‘and was reduced to 


1 


labor as a means of livelihood—a regret that his children had passed through 


the formative period without ‘schooling and without t the cultural advantages 


of a settled community. _ The same regret has been expressed by others 


i achieved a measure of financial success under ‘similar conditions. | For the 


The prevailing opinion of the day is land to 


present demands and that new projects should be undertaken with 
great caution. It must be recognized, however, that there are strong induce- 


ments for owners of large tracts of land to undertake colonization. The } pres- 


sure of accumulating interest and i increasing taxes may be very great. There: 

inv is genuine need for National development whether or not it | be actually as 

pressing as it may seem. There are good reasons why the pioneer settler may 

= * Discussion on the by Augustus Grifin, M. Am. Be continued from 
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material: used’ except’ for the whieh! were of wood. During’ low tide 
‘several feet of the wood piles were exposed, while’ during high’ tide’ the  ednétete = 


columns were ‘submerged for several feet. iT he Housatonic at this point 
a 


Between: April: and August, 1922, section, 366 ‘ft 


ilt, similar. i in all “respects. to the: previous structure, and of! 


materials. Before starting work | on: second section thé first was examined 
and. found to be in. good condition. Thé! materials: consisted of new billet 


"structural grade reinforcing | bars, standard Portland cement pre-mixéd sand 

gravel dredged from. Long Island: Sound near Port: Jefferson, N: Y.) 

city. _ The cement and steel were tested by ‘a public: testing ‘laboratory a 

and found to conform t to the specifications of the Society Testing 

_.. What have been. called the and second sections were built by the. fame 4 
construction company with ¢ the same general. ‘superintendent, but! under dif- oe 


t 

1e 
r- 


= ferent resident ‘superintendents, The: river structy 


property oceupied by a. textile manufacturing» plant, which included a a large 
dye-house, emptying its’ waste into the tiver.: Between February April, 
1923, this dye-house was wrecked and a néw one was built in an adjoining 
location also. at, the “river driveway” reer bin ‘to 


On April 12 15, 1998, the. writer was notified that both’ the first second 


oa sections had deteriorated. Inspection ‘showed that the concrete had become so 
‘soft that, large. pebbles. could. be picked “out by: hand llittle effort) “It 


“appeared to be. abraded at the corners where ‘the ‘reinforce cement’ 


was. determines nearly: as ‘possible. the true cause’ 


and. muth money was spent for tests, examinations, and! exper 
ee opinion.” JA chemical analysis of the river water in the vicinity of the 
as obtained, based. on about one ‘hundred ‘samples: taken at (different. 


* Discussion on the paper by John R. Baylis, “Assoc. Am: Boe: continued from 


1926, Proceedings. 
‘ ot ti bo 
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'BINGER ON CORROSION oF CONCRETE — 

a 

chemical analysis was made of the deteriorated concrete, with results as 

herein” given. However, no analyses could be made of the water as it 


between F ebruary and April 15, which i is the period during which the con- 
-erete in both ‘sections ail FO) KOLO TIO" 

Apparently, the gray Portland cement been converted into} a white 


powdery with no binding 


as ‘to 
; 


steel. Furthermore, vou each case the deterioration of the concrete was from - 


Rees the outside in and never in the form of smooth plates of hard concrete e spalled a 
off from. the inside | in the typical manner of a ‘concrete failure. due t to steel 


_., The concrete was mixed jin. the proportions of 1:1.5:3 in a small standard og 
eee cer. Th ‘he water was measured in pails. No effort was made to 


grade the aggregate f for a dense mix, but the ready. mixed aggre 


8 in. The forms v were made of tongue- well oiled, 
Fe, tight enough to hold mortar. ‘The pile-cap forms were of 2-in. planks, open @ 
vi 8 t the top and giving access to the river water as soon as the tide covered 


_ the forms several hours later. riot bisbanse etd 
The deterioration (Fig. 17). was at some places where the 
was even 3. in. from the surface. At the date of last ex examination, in the fall 
of 1925, the superstructure, namely, that part above high water, was in es n- 


While, deterioration « of the « concrete was rapid iduvilig the period of several 


months after its it subsequently became ‘less noticeable, 


crete was easily affected by frost and floating ‘objects. ‘There seems | to ) be no 7 


"e E possibility that frost and the abrasion by floating objects were the primary a 
mt of the deterioration, as the first section showed no ill effects: of the 
— cold winters of 1920 and 1921, while it eorroded: jn the same period of two. 
months during which the second section deteriorated. with 
‘The. structure.was. provided with several expansion ‘foints’ extendi ing from 
top: to bottom. In at least two. cases t this was not sufficient to take up the total 
expansion and some. of the concrete at the edges of the abutting” bents was 
“aa _ Pieces so broken off showed sound concrete, in no w way resembling | 
er the soft, almost mushy, part of the “structare’ ‘deteriorated i in the v water. The | 
most. minute examination of the entire structure | and the study of several 
hundred photographs’ failed to disclose a single instance of a crack due to 
strain, overloading, or Tack of the only cracks dn the: ‘entire 
structure were at a. few 
continued into the ‘adjacent bent half- “way, iy, between columns. 


asons, columns and ‘most members were ‘made: 
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fact; none ¢ of the stech ini the piles in! the bao 
3 2: It is the writer’ s opinion, based om his own:observations and a jong and 


careful study of the facts, that the cause of the deterioration ‘is the destruc- 
Mev: 

- tion of the cementitious qualities of the Portland cement, due to a ‘chemical . 

reaction with the substances carried into the w ater for the two months in which = 


the dye-house was rebuilt, during: which time the ‘manufacturer failed to neu- 
tralize his acids. ‘This belief was arrived at after having access to the studies 


made by the following experts, | all of whom concur in this opinion: Bryan oa 
Collier, Howes, E. DeV. Tompkins and Watson V redenburgh, 


Chemist 


- water in June, 1924 (the year after the deterioration was first reported) 
_ showed a white furry deposit, which could be crumbled easily between the 
- _ fingers and which was found to extend through the sample. “Upon analysis — 
this white material dissolved in hydro-chloric acid with production of 
-earbon dioxide and was found to be mainly calcium carbonate. _ The analysis 
= of this concrete sample shows that the cement has been replaced by a mate- — 
- yial in which calcium carbonate is one of the principal constituents. Approxi- i 
mately, 80% of the calcium has been transformed into caletum carbonate. 
eee of the water oe show that practically every sample con- _ 
tains bicarbonates. A certain mber also— contained carbonates. Either 
earbonates, bicarbonates, in the water would be capable 
bringing ‘about transformation of the calcium in the cement to 
os calcium carbonate. The water samples for the most part ‘also. show the 
presence of acid which is capable of dissolving the calcium carbonate formed - 
within the mass and ‘removing it therefrom, thus bringing about disinte- 


eration: the whole mass.” Mr, W pointe stone 
the water, he says: Arrignt 
the ‘samples taken Saturday and 


a tion, 894% showed an acid reaction. 
short, it is my opinion 1 that the of is to the 
_ tion of the ‘calcium in the cement, to calcium carbonate by the action of 
and bicarbonates in the water, followed by a solution of this 
¢alcium carbonate by the action of acid in the water.” tatty 


4 


Weisberg also made a comparison of chemical analysis 
w 


% = the sample of deteriorated concrete taken from below the high- -water line 
with one of undeteriorated concrete taken from . above that line. ‘The p aren ece 


previously mentioned as being broken off at the expansion point, as 


the latter. found only 24% of the calcium in this -air-set concrete to 
have been transformed to carbonate, while in the sample taken from below 
. 2 he high- water line, ealecium in the form of carbonate is nearly 80% of the 


hole. ty In other words, not only can the acid attack the vulnerable part of 


he concrete, but three times as much of the concrete is vulnerable 
Fig. 17 shows in detail: one of the worst deteriorated pile ¢ caps and col- 
umns, the front face of column being corroded up toa horizontal line 


which coincides very closely with mean high water as evidenced by. 
aS 
zontal deterioration on adjacent ‘face. this time the structure wa 
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a 1 load of broken stone oxvaling 


close ‘view of the ‘above mean n high water is given in, » Fig, 


which plainly shows excellent concrete. This photograph was taken pt mean 
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J 0. § Stevens,t M. Am. Soc. C. E. (by letter).§—The writer j is at 
“Mr. has presented very, value able ‘data practical régulation, 
of reservoirs for flood control and water power without forecasts of 
oubtless,. the same principles ‘can be utilized in many cases 
‘practical egulation for power and irrigation. ‘The storage | capacity above 
spillway level | probably can be « counted upon and the spillway capacity reduced 
"accordingly i in large reservoirs for which complete records of run- -off are ayail- 
able. On small reservoirs, however, where | stream-flow ‘records are rather ns 
“sketchy”, it ‘would be safer not to count on 
‘The writer wishes every engineer who has to do with the development of 


ona natural resources could read Mr. Hoyt’s ‘discussion.{ It is a clear, concise 


4 s statement of the policy that must govern the practical administra tion of public 


> 


s at 


be studied Tight “economic ‘use of its water r supply. 
Behind the conclusions drawn from such an analysis there must exist unpreju-_ 


; diced authority to enforce them i in the interest of all concerned, and, obviously, — a ' 
this function is best exercised by the Federal Government. 


Mr. Gallowaytt questions the writer’ 8 diagrams because t they, express water i 


supply and demand i in percentages of totals. To ave given quantitative data 


would have defeated the purpose of the paper, which, as stated in the Synopsistt . 
and elsewhere, was to inquire into the subject i in general terms. Quantitative 


figures would have made a local problem of each example cited, and the study — arr 
— would have been limited to the present demands. By treating these examples 7 


- generally, a forecast is gained as 


the future ultimate utilization of the entire 
> 
Discussion on the paper by J. C. Stevens, M. Am. Soc, from 


§ Received by the Secretary, October 18, 1926. A 
|| Proceedings, Am. Soc. C. E., May, 1926, Discussions, p P. (1036. 

ovember, 1926, “Papers and ‘Discuss i ons 188, 
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: IRRIGATION AND POWER 2 [Papers. 


“Fifty or a years hence shite: streams will be flowing much as they 
are to-day. In all probability the curves of demand for power and irrigation 
eat will not be materially different from those indicated, because they are i 
dh ‘pressed i in percentages of the total rather than in second-feet or kilowatts. The 
simplicity: and value of presentation i in the manner) adopted’ by’ the: writer 


would have been completely, lost had he followed Mr.. Galloway’ suggestion 


illustrated by Fig. 14,* in ‘which neither percentages nor are g given, 


The writer reiterates his ‘statement that w water is and always, will be vitally 


necessary for irrigation, but not in the same degree for power. There i is ster 
re justice in conceding a ‘preferential: tse to agriculture, and power interests will a 
a in the Jong run by such : a concession. — - Whether or not there i ‘is a conflict 


interest is.a purely local fact... There i is nothing hypothetical about it ‘The 


very fact that power companies California and elsewhere are constructing 


_ storage reservoirs and ‘power plants, above irrigation reservoirs As, proo: t at a / 


nflict of interest, did exist, ‘and that the solution lay in a double. ‘system | of 


yegervoirs. Many section ver, ar 
th ¥ gant ection s, “howev are not 80 topogr: aphically fortunate in 
is respect, and where such ‘solutions I not Possible concessions wilt 
be made on both ‘sides. There is, however, a limit to the concession 
a an make. to abroos1 stelquwpo, doidy,10t ai 


a Those discussors who mentioned the subject at all agree, with the writer, in - 


“ae remarks about storage by forestation. It is gratifying to know that some 


ineers at leas ri 

gt least hare done some. OF iginal thinking PP, thi. ect, andvhave 

pene rated the thick coat o "propaganda spread. oyerit., 

q 


oilde Proceedings, Am. Soc. November, 1926, Papers and Discussions, 
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ssrs. J. P. Snow, THEODORE AND Lavis. 


E. (by letter) 4—The i introduction motor 


degree to that given one years ag ago “George Stevenson 
a train of cars on iron rails by steam’ locomotive. The jolt affects” people 
in many ways, and severe ‘Street congestion in cities is one of them. The 
author: suggests: the elimination ‘of parking: ‘and. goes so far:as to ré¢om- 
mend: keeping private cars off certain streets, with the idea of confining ‘the us 
of these streets to busses a and electric cars. ni. od! 
Publie’ highways were re designed and built. for private: vehicles; 
owners of these vehicles: have a’ natural right to drive them into:town 
if it is profitable for them todo so; they, and not: the public, are the: judges 


, ‘as 'to) this profitableness. The right of any (person ‘to park a vehicle on the 


highways so as:to interfere: with their legitimate use by others another 
Matter, wholly subject: to public! regulation.» It is probably useless to’ consider 
‘Private cars from being driven over streets: on busses and 


himself. Other means of the p problem by these two. 
are» certainly ‘pertinent: to ‘the: discussion: ‘anotiose betesudeo 


ha The worst ‘congestion occurs at intersections, due to the crossing of streams op 


traffic’ at grade.’ Separating grades is ‘aw wkward, unsightly, and ‘expensive. 
The present stop- -and-start method causes long delays’ ‘when long queues of 
Vehicles have to be ‘accomodated. fact, the volume | of traffic is educed 


this-method. to less ‘than one-half the possible clear-s street capacity: if both 


What! may be called the! zigzag system will, ‘permit constant movement 


Cal 
vehicles on all: strédts) except ¢ an occasional | short stop | ‘to vallow ot 


large flock of pedestrians can ‘be accommodated ‘in! a ‘rection 


6 


Redeived by ‘the Secretary, Octorer 9, 192 
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‘The requisite zigzag is all streets must be 
restricted to one- -way traffic; the second is that streets in one direction be 
- selected as principal ‘thoroughfares or arteries | and those crossing them be 


considered, a8 ¢ streets. Movement. on the: arteries shall be in one direc- 
tion throughout their “length, while ‘that. on. “streets shall everse at | 
of an ‘ artery. Fig. 10 shows chedKer-board' layout ‘comparable to 


‘several of New  York’s avenues | and streets. quantities are 


» This system allows no direct crossing of the path of one car is another 
car. ‘Merging into a line of moving cars is far different from crossing that 
line. The cross-town car merges” into ‘an artery lane, slides over into the next 
lane i in traversing the block, turns into the next cross-street, and at the next 


artery turns” back to enter again the street that it’ just left. If the blocks 


ies ey are square the distance traveled by the cross-town car is twice the direct dis- 


vactually accomplished; but if stops for ‘pedestrians are avoided, 


te a will be less than is ‘required by the stop-start system. . In the New Y ork 
eet layout (Fig. 10), the distance traveled: by the cross-town car will be ra 
Pedestrian crossings ‘under this system will be more efficient. than. ‘at 


present because all vehicles will be stopped and- the whole intersection will be 


Clear, | so that the four crosswalks and d the tr two diagonals can be u used 
4 alt ously. Under this « system and with one- -way traffic under any system, only one- 
|S half. the street corners need to be rounded, The rounding should be generous, — 


with radii of at least 1 12 or 15 ft. which should be insisted d upon whenever a 


In tru ly congested sections of city. where the zigzag system cross- 
‘town traffic i is required no surface rail traffic:can be tolerated. In a 


section rails must be either overhead or in subways. Surface rails i in 


With continuous “movement an enormous traffic can accommodated. 


= pedestrian stops: cannot be to tolerated, overhead crossings with escalators 


can be installed at a cost that would not be prohibitive. Speed and other 


details of regulations should be established and enforced. A single lane ? 


ee moving vehicles will be ) ample for some streets, a double lane will be needed q 


: in others; in but few streets will all the roadway between ‘curbs be needed for — 4 
= a legitimate movement. At reasonable speed it should always be possible for ¥ 4 
a car to stop for one or two people to enter.or leave; longer. stops. should be a 


nee 


prohibited. Lanes for traffic should be Plainly defined by paint lities on ‘the 


pavement. many streets these la lanes ¢ can be, srmanged to leave parking 
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in al cases imi 
distinction in terminology should: be made between. “ranking” cars 


to the curb and “parking” them at an: m the curb to 


latter is s preferable, ‘and ifo on only one side of the : street: it should be ‘the right 


ha and side as traffic flows, with regular stall, lines painted on the 


--‘Thes @ stalls may be at angles of 30 to 45° with the curb, and should be entered 


head on from the traffic Jane whichever side of the street they may occupy. baiw 


oe ranking or parking space is provided there is no logical reason why 


city should not derive a revenue ‘it. The highways are provided fo 


: moving vehicles and not for storage purposes; but when storage can be ‘allowed — 


without sensibly delaying traffic is wise to allow it under regulation and 
+ at a price. No car owner can claim an inherent right to oce cupy street area 


for free storage ‘of his car; hence he should ‘pay for the privilege or a 
“away. Police are now y employed to. o tag cars that stop too long at a gi 


place, a nd they could as well collect the prescribed toll. Bus lines could rent 
a standing room permanently for their regular ‘stopping berths at which to. 


7 discharge or receive passengers and abutting ‘merchants could rent space for a 
The one- way feature here recommended, _ the adoption of which the writer ; 


_ believes to be imperative i in order to get the greatest efficiency in street service, } ae 
s the necessary width of streets materially. Sidewalks should be widened he is 
where needed. streets are r -repaved the | Space outside the traffic lanes 


+ may well be surfaced with cheaper er pavement | than is required | by y traffic. “Good 
bituminous macadam is ample for” these areas, mmstalled: 


‘Where real rapid transit systems” are in operation it would seem rational 


aa for a a driver to park his car in some field arranged for storing near a suburban > 


:; station of the s system and go into town on a a train. ‘The fares plus the charge — 


for outdoor storage ‘could hardly be more than a fair charge by the city for 


s street parking, and the time and risk should be materially lessened. Busses or 


her carriers operating on the surface canno properly be called rapid transit. 


lad Tuxopore T, MoCrosxy,* Jun..Am. Soo. C. E. (by letter). +—This paper 
is an excellent presentation of the present traffic situation.in the larger cities, _ 


BEIT 


and ‘suggests: ‘valuable. methods, of aiding in the solution of the problem of 


s that the discharge capacity of, city streets is deter- 


sections. Street, intersections 1 must be. enlarged... In. ‘busy, sections, a grea 


enlargement in most cases be prohibitive i in. cost, even, were it. 
possible... Fortunately, there is) a,means of. increasing the size.of an inter- 


"section which comes, under 1 the head. of, minor changes. ik 


ok was found. by experiment, that the. turning. radius of a certain | auto- 


mobile > having a 182-1 -in n, wheel: sbase was 17 in., Many cars, have an even 
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CROSKY ‘ON PASSENGER TRANSPORTATION YN-STRERTE 4 


4 radius. Furthermore car 


curve, since the ‘steering wheel must be. ally. “Torder 
for the ear to'swing out toward the center the street 


to-avoid the necessity 


it? is entering, and ‘thus: waste roadway space’ the «intersection; ‘no 


should: the 


urb corners be of long radius; but’ also; when’ feasible; of varying 
curvature. Such curves would be difficult to: and 


— but “satis- 


idtbs: pedestrian | traffic permit i odt mort beod 


at 
i mort orto 
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Propose 


toa bluoda ytio od 


tor bas: 
swodtia 


awa 


of 
bert 


Tey 


on 


rare 


ai 


eid ot B 


‘METHOD. OF 


the. case of. heavy, pedestrian _ traffic, this type of curve would. cut off 


too much sidewalk space, but in no case should the curb corner be cut back 


to ithe “width ‘of the’ wider sidewalk 


is fairly light, the method ‘illustrated can “dlways be 
t yy also be employed when it is possible to pass pedestrian traffic under the 


corner 


of the builditig: ‘This is done by cutting b back the: ‘corner: ‘of the’ building on 
ie first floor, and supporting the ‘upper stories on a column, ‘A great x many 


where | extra s 


nt gives an an 
two” 50-ft. road- 
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With curb corners cut’ back fhe It Would be 
from ‘the ‘¢urb line of 'the ro t at the intersection, 
each: side or oor é intersection 0 
is most needed. At the 


ON ‘PASSENGER TRANSPORTATION ‘IN STREETS 


gadii are re mereased ito’ 25 ft, distirice. becomes 91. 3 ft. 


again, shows how. the of an may be: inereased ‘by this 

comparatively simple medns: | By the: curve and tangent “method shown in 


Fig.,11,,the diagonal distance is is increased to approximately. 97 ft. altel 
been argued that long radius. curves.make it harder and. more. dan: 


for, pedestrians to. cross, the street. writer, feels, that) this objec 
does hold When, ctoss-walks are: marked, eut.in eurves 


Furthermore, observation Jat. the corners in. the svicinity ‘Limes’: Square, 4 
Oity, indicates: that small! radii are; more, pernicious than large. 


is 


pedestrian traffic i in this district i is colossal. in the evenings onraccount of 
the theater Instead of waiting on the ‘sidewalks; -where 
pedestrians standin ‘the roadway; aboat 3 ft. from: the ‘curb; knowing from 
experieri¢e that’ most automobiles have to’swing the least that ‘far 
the curb. Then’ an’ automobile approachés' which ‘ean turn 


pedestrians: +0 back-up cand pet: back the! sidewalk! but 


Tf the cornérs were’ ‘cut’ baék''s0" ‘thatthe ‘miajority’ of automobiles 
follow them ‘closely; in short ‘time’ ‘the! pedestrians would! realize that 


to the Curb, and Would sdon learn 
than to stand in the gutter as’ they do ‘now. 


‘Cross- walks be” curved as in fires ‘are! cir- 


cular. In this way, ‘the’ ‘pedestritins are “kept a little farther the ‘con= 


one ‘ st ites t 


- gestion in the interséetion, ‘are less in the ‘way, and run less’ danger of being 
by’ cars “turning the ‘corners. At’ intersection ns at’ which’ 


rotary system ‘of 1 traffic regulation, ‘it is. 


wos Psy 
Swalke in this form pit to iwode % 


writer i the opinion that “wo juld no not 
“tanking along street ‘eurbs, | ‘nor ‘would’ it, be driver would still 


retain the privilege of stoppiht for the inistdntaneous ‘picking up or deposit- 

ing of passengers, ‘or for the. expeditious. handling ‘of goods ;° and'such stop- 

ping, as has: been pointed out by 1 numerous authorities, would rob the street 

of a lane of 2 moving vehicles for s some distance, in front of and behind the as 


standing car, as operators will not drive next tp the curb for. fear. of, getting 


oxed” behind a a stationary ‘car. It is; none t e less perfectly fair to _refuse 
ranking space th selfish river wh o wis es to. eave ‘his car on t he pu lic 

street all ay long: i - a pedestrian likewise elected stand on the side- 


walk . at. a y corner, a would tell him, to. ve on. Al drivers 


fig 9289 
must have the privilege 9 of Stopping at the curb for. a reasonable time, except 
to street intersections, and. this becomes impossible ‘of. realiza- 


” 
tiqn w urb all day with “dead Tone 

congestion | is an roblem, the solu- 

tions of it must be economic solutions. Such. ultimate means of Jelieving 


od 789. 80 0 STR 8 


ne congestion as sidewalks arcaded. on the second story. and, eventually, build 
standing on stilts, thus: 


are unable to’ do so: on ‘account of’ the ‘crowd! behind them.” Many 
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oa in accord with Messrs. Stevens, Lewis, Slattery, and de Blois,t discussors of 
the paper, than with the author, in so far as they" out the fact that the 


capacity of many streets or is lim aited a far | 


degree) in the: ‘ease 


“Main” streets: country towns. or villa; where main-line highways" pass 
¥ ‘through and where the cross traffic may be light and parking the real obstruc- 
7 - tion, but in city streets, especially in New York—around which the discussion ad 


seems have. centered—the cross- traffic interruptions ‘are: much. the’ more 
serious factors in decreasing the efficiency and capacity. ont mort 


witht the study, of certain econom mic 


New Je | is ‘building through the congested Metropolitan Are. on the, 
side of the Hudson River, calculations were made by, the writer and,S. Johan- 
54 nes esson, M. Am, Soc. E,, of the costs of delays at a street intersection 


two main-line highways, each capable, of ‘carrying four Janes of traffic. 


It was assumed that the mz main through highway would have a traffic of 


20 000 000 vehicles per year and | that. at the ‘proposed crossing the main-line | 


traffic. could proceed for 3 min. vend the cross traffic: for alternately. pris 


bat 


es It wa , further ‘assumed that there would be. measurable loss. during only be 
"hours each: day, when traffic was. and that. the loss on two. lanes in 


maximum 


“if — Without going i into details of, the computations it may 


actual logs in car-minutes per day was calculated to be 


quota ude On. the main highway.. 532. 3 


fs 


Assuming an actual loss of 2.2 cents per car- -minute (an | average. for the 

‘proportion of various types of vehicles assumed to use the main highway), the ‘om 


otal | monetary loss was calculatel to be $156 000 per year, “equal to a apital- i 


Tn nasmuch also as in this. case se the ‘State of New J Tersey is build: 


aD 7 


ing, at a very considerable cost » this new highway ‘to take | care of the traffic Ppa 
increase in this territory, the question traffic. ‘capacity is an of 


importance, and | it we as found that the dela y at this assumed ‘crossing ha 
_ ‘monetary value of another $3 000 000 due to the decrease in capacity cata 


of the delays. ‘These ‘calculations are believed to be conservative, and can be 


* Engr., State Highways, Jersey City, Je 
Received by the Secretary, October 28, 1926. 
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of this discussion in ‘regard to ‘the importance and cost of the delays due to 


or vehicles ‘will show in many, ‘if ‘not all, of these. cases 


Teas¢ , but what ean be justified fr from ‘an economic » point of vi view. » 
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RGANIZATION AND OPERATION 


W. A. Vaw Duzer, AM. Soo. E. withitw Me 


; A. Van Duzer,t M. Am. Soo. O. E. (by letter).t—Snow removal, to a 
ag ce - greater extent than any other highway activity, i is affected by local | conditions. 8. 


In fact, generalization is is difficult in dealing with this topic, since the work 


| one locality or State is likely to be be so different from that in another. om 
By The scope and importance of snow removal are determined chiefly by the 
amount of snowfall, which ‘measures the initial level depth: to be e disposed of; 
le extent of drifting, which may increase the depth by 40% and which ccera: | 
vates 1 the removal problems and necessitates the handling of quantities 


excess of the level- “depth snowfall; and the volume of ‘traffic, which to a con- a | 


An idea of the amount of. snowfall can be obtained from annual averages — 
as reported by the United States Weather Bureau. In considering averages, 
However, it | is necessary to bear in ‘mind 1 that they change from year to year, — a 

and: in any one year a State average may ‘Tepresent wide variations. 8. For 


instance, the annual snowfall for the State of. Pennsylvania for the winter 


va 


winter of 1925- 26, 50.4 in. The 1925- 26 average was computed from forty- nine 


7 


of 1923-24 averaged 48.0 in.; for the winter of 1924-25, 43.1 in.; and for ‘the | | 


a - stations ranging from a minimum of 17 in. in the southeast corner of ‘the 7 


“State toa maximum of 187 in. in the northwest corner. : 


extent of drifting is more difficult: to visualize. There are so many 


factors. that for future reference the safest way to study causes 
i... drifting i is to go out on the Toad itself after the ‘drifts have formed. " =. ' 


a different direction | and create different drifts, 


possibilities. of drifting, can be obtained a of a chert 
homing the topography, direction, and force of prevailing ‘winter winds, sand 
the monthly _temperatures. The topography will indicate the extent: 


of grading, in which cuts and ‘side-hill sections are significant; the direction _ 
. Sime of prevailing winds will show which roads v will catch most of the ee 


a cross-drifting and how “serious the drifting is likely 1 to be; and the a 
store dat will indicate, to some degree, how snow may ‘be enpected 


Deputy Eng. Executive, State Dept. of 21828. Pa. 
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lie along the road, without: “gabject 
to drifting. Greater care is now being exercised in the location of highways to iw 


The volume of traffic naturally varies with the density of population 
a adjacent to the road, and, therefore, in the absence of traffic-flow data, if the nt 
i snow-removal conditions of one section are. known ‘the indices of density < 
population will furnish a good basis comparison for | any “other section. 
Although fundamental conditions present § such wide variations, there are 


two prineipal problems which concern all States in which any considerable 


snow removal i is to be undertaken, he first of these is to keep the't road open 


time It is s the necessity Of removing y'the's snow w before it ‘has 
mulated ‘to such an’ extent! as: to block traffic that makes “snow removal a 
‘and costly proposition. In Pennsylvania, all roads are ‘gonsidered 


open for travel by the State office; and information is given to ‘the ‘public 


hice 


unless" advised by the field that the toad is \eldged: tn’ which case an an estimate 


a ore fy OT DOF 
of the time the road will be closed is included in the report. — ie salle t 
The second is is” the always” present problem of costs. It is “necessary 


hold the cost of the work down to a minimum. At the same time, it is neces- 


R, sary to make ‘the accounting complete so that other lines of activities are not 


inequitably burdened with charges. he State of ennsylvania during the 


“ 


past years has been practically subsidizing snow removal by charging truck 


and- tractor equipment at the same rental rates as on ot her road work. Tt has 


become necessary to. increase these rates by an average of 60% for snow- 


removal work on ‘account of the heavy y repairs ‘and depreciation that ‘attend 


the use of tractors: and trucks | in plowing snow. 


of two: ‘problems can be considered separately ; both resolve 


themselves: ‘into one problem of ‘efficiency. Vi iewing removal in this 
had way, several points present themselves, such as, ‘program, organization, loca- a 


fence, equipment, personnel, operations, and costs. x 

_ Program.—The first t step in snow removal is laying out the program. This — 


pr be done with due regard both to the budget and to traffic requirements. 
The most readily apparent test of the economics of snow removal is from 
me ‘standpoint of the protection of investment. The fixed charges, ‘deprecia- 


and interest, ona high 3 type of surfaced road, for instance, will be about ; 


i $4 000 per mile per year, or - more than $10 per mile per day. a win ter and cs a 
density of traffic were assumed to be equal, it Would be ‘economical 


o spend for snow removal as much as $10 per mile for each day that the 


would otherwise be blocked. Or, assuming the w inter density of traffic = 

to be ‘normally one- ‘half of the annual average, ‘the justifiable 

« st iter) Fé ah Oe 
from the same s andpoint of protecting investment, would be $5 per mile 


each day snow would block the Toad. Under ‘the second assumption, 


in a locality ‘where snow would block the road 60 ‘days a year, an 2 le 


of less than $300 for snow removal, if - t | Toads continuously open, 
would. evidently be advantageous. 
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lower type. of surfaced roads 
pepresenting smaller first cost, would, of course, produce lower figures,’ 


4 


es haps as low as $1.50 per day; but in the case of these ‘roads, there is an addi- 

tional, factor to be takex into account. Winter snow removal undoubtedly 

_ lowers the cost of spring repairs. ‘Therefore, ‘it would be fair to group all 

roads. that» carry an annual daily average of more than 500 vehicles and a 
assume for them the same value of snow removal as for the high type - surfaces. 
Whether or not the investments and saving in a repair costs are. considered, 

I the final check « on the snow-removal program is to see if it is within the aogial 

if, is practicable from the standpoint of. forces and eauipment available, 
and if the mileage is laid out ut to. best serve the localities and the traffic. Snow a : 


removal i in Pennsylvania costs about 40 ‘cents per motor vehicle 


Organization. — -The organization for snow removal ‘should be designed 


to cope with the ‘particular: it will have to handle. Mr. Hamlin’s 
description* of such an organization indicates a highly centralized 


Vibe 


wes Under the conditions with which the writer is - familiar, the work is such © 
‘ge The Pennsylvania program comprised more than 000. miles ] last winter 
(1925-2 26), and will be about 6 000 miles for the coming winter (1926: 97). 
Some of the work i is more. ‘than 300 miles. distant from headquarters, so that 


the plan of organization to. insure unimpeded operation is: wid 


—The State divided into four Engineering Divisions, approximately 
aye oan ooo the northwest, northeast, southwest, and southeast quarters of the 
“wore” Tot State; a Division Engineer resident in each, reporting to Har- 
Engineering Division divided into three or. four 
_ Districts (fifteen Engineering Districts _ in the State); each 
“fod Engineering” District in charge of a Resident District Engineer 
_4.—Each Engineering District divided into three or four Maintenance 
State Districts (fifty-two Maintenance Districts in the State) ; each 
Maintenance District in charge of a Superintendent reporting 
to his District Engineer. The Superintendent is in direct charge ay 
operations. The snow-removal program mileage is divided into” 
‘BE sections, each designated by a letter, beginning with: “A” in each 
Maintenance District, and equipment assigned: to, care 
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be blocked or open only half width) ‘is used for 


by the 
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VAN ‘DUZER on’ SNOW ‘REMOVAL ‘PROBLEMS 


the equipment operators report to the superintendent by from ti 


to time as they reach certain objectives or require ‘advice ‘or assist 


aM The. Pennsylvania system for the distribution of equipment | differs a 


what from the one described by Mr. ‘Hamlin* in that the tractors and trucks i. 
re not assigned to various foremen ‘who are in ‘charge of the maintenance 
of certain ‘sections of road, but. ‘operate from one or more centrally Tocated 
‘points (State garages ‘or stotage sheds) in each ‘maintenance district; ; and 
the equipment operators report, directly to the superintendents. ith ‘The 
and the tractors are charged with the responsibility of maintaining two-lane 
traffic ways. The foremen and caretakers in charge of the various sections 
are not all on regular | snow duty, although some of them serve as equipment 


operators or helpers, but. ‘they are subject. to. call for emergency work and 


after each storm they are required to clean up the roadway; and open culverts, 
dy 


is, 


= 


superintendents’ control of snow removal in Pennsylvania is facilitated 


and assisted at need by co- -ordination “of equipment and supplies under the 


direction of the district engineers, and, in case of further need, the: district 


engineers’ equipment and supplies are co- -ordinated by. the division engineers. 
One of the most valuable. aids that ‘Pennsylvania has experienced in 


tind. 
handling its snow probl om is the co- operation of the Weather ‘Bureau ‘sta- 
By wast i 
tions, from which each superintendent secures advance notice comin 


storms, which enables each outfit to be in readiness, for duty when. the tim 


it 
ogt- to sigitol git ni gd tile, ved 
i Location. —In a num er of cases, it has been possible to diminish the snow- 
removal ‘work by giving particular: attention to “snow. in the location \and 
design the improvements. By relocation of. certain: 


road on ‘wind- “swept ridges rather ‘than against hillsides; in other cases by 


to relocate oF raise the grade by widening | cuts and flaring slopes, ¢ — 


have ‘been improved. over the State, particularly in the sectior 


that are most troubled with dr ifting, a point has been made to remove, Or have 


shi ‘unnecessary obstructions that would | create drifting tendencies. ae 
Fence. —For : number of. years. ‘Penngylvania. has recognized the 


value’ of wind- breaks 1 to prevent drifting. The ideal “way to protect a sub- 
merged piece of road would be by a tall dense hedge. Such wind-breaks. may 
4 be practicable in the future, but “probably. are 0 not so at present. Substitutes — 


can best be furnished by portable snow fence. ag og 
present, the most economical fence available the wire and picket 


type. Standards | and specifications | should be drawn with a view iosnemniy 


7 ‘ting open competition ‘and encouraging improvement as 
‘minimum requirements. It would be difficult to show just. how | money 


iss saved by the use of & ‘snow fence, but the writer j is confident that it is ‘more 

Equipment. —The_ problem of equipment is primarily i in the choice between 
bu snow-remova machines and tractors or trucks with adjustable 


iz 


‘raising the grade line in cuts; and in places. where it has not been possible 
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‘The and tractors used for snow are during the 


construction season on maintenance operations. ce 


Th he tractor rotary, is typical of the special machinery. The adjustable 
sa is either V- -type or “mold- board, although recently the V- ‘type has been 


> 


improved d and is ‘generally i in greater favor. ot, bowsives dom) 


Expediency and economy are involved in selection equipment. A 
‘Piece of equipment assigned to a ‘section of road s should be able to cope 


all eonditions ‘on that section. All e equipment should be charged to the work 


| 

q 

' sufficient rental to cover general charges, , depreciation, interest, insurance, 
bes storage, etc., as well as actual operating costs 5 and if two or more types of 


equipment are capable of handling the work, that _ type which does: the work 


at least cost, ‘Tental included, s hould be ‘Under some 


special snow- -removal. equipment ‘is desirable, For instance, ‘the Pennsylvania 


‘Highway Department furnished ‘rotary Plows to the maintenance district 
- that had the 137 in. of snowfall in in the winter of 1925-26 and is satisfied, that — 
the greater cost was justified in keeping open roads that would have been 


’ *. blocked i in spite of the efforts of less effective equipment. However, in tl 

JES 


parts’ of the State where the fall was lighter, it was possible to keep the roads 


ae _ open | and ‘save money by using tractors and trucks fitted wit with adjustable plows. 

mi. It is not desirable to provide one piece of equipment f for andling heavy 


A Say - drifts and other equipment for the light work between drifts. The amount 


=} gg equipment provided is determined by the number of miles | of road to be 


kept open and the ‘number of miles piece can handle. As Mr. Hamlin 


points out, there be ‘some variation in. the length of the but 
usually each: piece of ‘equipment will care for about 13, miles of road, 


bane -Operations.—Practical consideration sets a minimum limit of. depth to 
about 2 in. for snow removal. Traffic is not seriously handicapped by 


-*. than a 2-in n. depth and setting the plows closer t to the pavement than this 


“would inerease the difficulty of operating. Accordingly, work 


«starts when the 2-in. depth is reached and continues as long as there is fall 


i xu 


The roads ‘should be kept open for two-way traffic if possible, but if storm 


“conditions ‘prevent this, a a ‘single ‘track should be maintained open, turn: 
oy F outs at intervals for passing. At the: expiration of the storm, this track can be . 


> 
the has subsided and the roadwa s of the ‘program. mileage 


are ‘open to” tw o- -way travel, the time has come | to proceed more cautiously. 
° { 

‘Such as betrays need of repairs should receive immediate atten- 


tion. Some may be required to shove | back snowbanks | from the | shoulders, 

make room ‘to dispose of additional snow in case of another storm. The 
other equipment may be scattered to open drifts on roads not on the program; 


and the caretakers: and foremen, or patrolmen, on the program mileage, should 


iad under supervision to open culverts and toc cut shoulder drains through — 


a the snowbanks along the pavement. This clean- “up work is essential if if the 


ecessive snow removal are not to be impede d by the 


> thaws: come, water “is to be 
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SNOW REMOVAL, PROBLEM 
feature of snow removal appears to be 1 not a 


problem but rai her the solution of a problem. One of the most serious ‘diffi. 


culties in road maintenance been rebuilding the organization the field 


after winter ‘suspension of. activities. Snow- removal work fernishes winter 
_ employment, and thus holds | a number of the best maintenance 2 ES 


i Made up ‘of picked men from maintenance forces, | the snow crews exhibit 


a high m morale. 4 Comparatively new as the snow- removal activity is, ae 
firmly established for it the tradition of efficient and | unflinching service. = 


Costs.—Costs will naturally vary with conditions. method of account- 
ng used, whether depreciation : and interest on equipment are included, for 


cel also affect the figures. In making any comparison, these things 
must be taken into ‘account. gle bac: ot oases, 


An analysis of in Pennsylvania for the winter of 1925- 26 


is given with sufficient notes so that possibly parts of the data 
ik for: ‘comparison in cases where the totals are not on equal basis. 


ifs Yo of 


Cost of cinders and erecting, dismantling, and storage of snow fence th nO} oF 
mile of road 


Reported snow removal.§ in inch-miles 3 _ 


of excess of reported snow removal (due to drifting), in in 


ae 
Cost of snow removal per mile of road 09 
4 Cost of snow removal per mile of road per inch of snowfall . a ter “a 6 
Cost of snow removal per inch- mile of STOW p si. 55 


oe + Approximately 91 miles of picket and wire, , and 10 miles of ' Teer, Sree? 
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FIN ISHING AND CURING OF CONCRETE RO ADS 


By E.'S. Boraguist, M. Aa. Soo. E. 


Be S.. Am. Soo. C. E. letter). $¢—Perhaps x no concrete 
is subjected to ‘more severe usage than a Toad slab. Besides straight compres: 


gion” and frequent flexure stresses across: | weak spots in the sub- -grade, there : 


oe ‘are heavy impact. stresses, together with a continual abrasive action of differ- ; 


kinds of tires.. Necessarily it takes a to’ resist 


ae these forces and for this reason highway builders have’ been | eager to adopt 
| 


oir the best methods available for mixing, Placing, and curing of concrete. 
* oe The State of California has built a great many more miles of ae 
_ than a any "other | Western mn State, and it is impressive to to note the magnitude of . 
tests, and the care with which are carried out. The State of Utah 


built more than 200 miles of concrete roads has tried to keep : abreast 


by taking into account radiog of ‘the used | 


ont tag Yo sitet levoutst to 


An of ordinary practical ability -can readily be taught to sereen 


is ‘hea by Abrams’ formula: 


percentage of sand to be in a given mix; 
road work this is no longer a purely academic formula for laboratory 
p 


an rocesses but a thoroughly workable method for determining how much sand — 
use in the field. l. By means of this formula the writer has found that, vary- 
ing the sand content in concrete according to the grading of the sand and 


= ae This discussion (of the paper by C. L. McKesson, Assoc. M. _ Am. Soc. C. E., presented — . 
at the meeting of the Highway Division, at Salt Lake City, Utah, on July 8, 1925, and oud- 
lished in August, 1926, Proceedings), ‘is printed in Proceedings, in orde 
_ expressed may be brought before all members for further discussion. id 


ss $ Asst. Prof. of Civ. Eng., Univ. of Arizona, Tucson, Ariz 
t Received by the Secretary, September 4,1926. 
i » Structural Materials Research Labo 
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Papers ON AND CURING oF CONCRETE ROADS 2017 


gravel, the mix was just as 23% sand as with 50%, because 


Z “the sand i in the latter case was very coarse, in fact t, almost a pea gravel. 


hee In regard to water. content, the State road « engineers haye found that th 


can work with | a a much dryer 1 mix than they ever thought possible. If, as ‘proved ee 


Professor Abrams, a concrete more than ‘twice as strong results from simply 
cutting down the percentage of water from 1. 0 to 0. 5 measured in 1 volume i 
water as compared with volume of cement, surely it is worth trying to obtain a 
2 dl he a additional strength, particularly : for road slab concrete. The 0.5 coefficient _ 
i ives a concrete too fen for anything except laboratory test work, but it is pos- i 
ible to cut n the percentage of water to 0. 7 and still obtain entirely th 


wo orkable mix, if striking and finishing of the road slab is done with a finish 


On a 103- -mile concrete in 1922, on which the writer served 
Resident Engineer, a 1:5 mix was: used | and a test block was made every day a 
rom the concrete dumped o n the sub- grade, with the result that the = 


son’s work showed an average compressive strength « of 4300 Ib. per sq. in 
r 30- -day concrete. Of course, ‘only good clean gravel and washed sand were 


Relative: to expansion joints, Mr. McKesson states* that it is California 


ractice to o place | a joint. every 30 or 40 ft., regardless. In ‘Utah, the practice 


is to place expansion joints only at the end of | the forenoon run and of th 


afternoon run, thus giving two joints to be placed each day. It is difficult to Bt: i ; 
btain “perfect” joint. ~The finishers usually build the joint too high ‘80 


that there is a definite jar to a car riding c over it. h After the concrete has hat = 

cun red, the road will crack transversely every 30 or 40 ft., giving a contraction pe 


int which | opens at night and closes again on hot days. The joints: thus 


formed by N ature’ ” occur only as needed. They are at least smooth to ride 
“are quite as easily main ained as the expansion joints regularly 


square across the road : at. intervals, of 30 or 40 ft. In ‘Utah, one 


clastite joint filler i is used for each 25 lin. ft. poured, with a maximum of four — 
q such fillers placed side by ‘side, thus giving a joint 1 } in. wide. _ aoe 

the matter of ‘elting, the ‘State favors the method of “diking”, In the. 

| West it is a difficult matter to get a contractor to keep the concrete | damp if 


‘it is ‘simply covered with Dlanket of earth. dikes a: are built and water 
at | least 3 in. deep on the ‘slab, the concrete is much more likely to be 


A Cc. u 92 r i 
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E. (by letter).4— —Following the author's 


description of th make- the concrete pavement in 


t by dry con 


sand, the of appears “that here is some- 


thing closely analogous to a power transmission line erected with a series of 
7 ‘short gaps, at 3 ft. p intervals, in its conductors and these , in turn, supported — 
on an imperfect type of insulator, in this case a silicious sand of indefinit 


Wy 
moisture content. While- ‘silicious sand is itself fairly good insula tor 


any moisture present in it will lower its insulating properties. 


a The behavior of p power ransmission lines under lightning conditions—the 
ae term “conditions” is used advisedly—has been closely studied in recent years, 


and some of the knowledge att gained can be applied to this case. A cloud © 
that has become charged to a high electrical potential, or pressure, is pos-— 


- sessed of a ‘magnetic field which cre reates, by induction, a potential of ‘varying 


ly intensity in any metallic or other condueting body that comes within the in- 


reo  fipenos’ of the field. As long as the cloud 1 remains charged and floats in the 


neighborhood, there will be an electrical eq uilibriu m between it and the con- 
ductor which it has influenced. As the cloud, still undischarged, floats away, 


the charge induced by. it in the conductor dies down in the latter to normal 4 


a arth potential, wi ithout giving any evidence of its having been present. Should — 


ie the conductor in question happen to be a power fine in operation, there ‘ol a 


- likewise be no evidence of its presence on. the line, or any disturbance w - 


7 

ever of normal working conditions, as long as the charge remains “bound” — 


+ Should, however, the cloud discharge itself close by, having approached 


j te ‘0 near to some “earthed” body or conductor that its ‘potential i is able to ak 
down the intervening air, ‘then, at this same instant of discharge, the already £ 


et. 


’ charged conductor finds itself left in a a state of high ‘electrical tension which 


may be of the order of many hundreds of thousands o of volts. No 


‘reinforcement by dry conerete. and -sand—can withstand such a 


the conductor discharges itself to earth simultaneously with the cloud. 
 * This discussion (of the paper by Winston E. Wheat, Assoc. ‘M. Am. Soe. C. E., 


lished in September, 1926, Proceedings, but not presented at any meeting of the Society) i 
printed in Proceedings in order that the views expressed may be brought before all member 

+ Lt.-Col., R. E. (Retired) ; Care, The Foundation Co., New N. 
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Papers.) ‘ROSS ON. OF ON PAVEMENT 


daw The power engineer provides for he contingency by connecting expensive 


"but efficient lightning arresters to his apparatus. What i is the highway engineer — 
to do? It is submitted that he need do ) nothing. ~ Under all normal conditions 


he will find reinforced concrete Pavements efficiently—or at “least” suffi- 


-ciently—connected to and incorporated w ith the main “body of earth ‘that 
‘there will not be the least likelihood of their becoming charged ¢ to a ‘Mie 


potential than that of the earth. “Ifa a cloud should happen to discharge itself _ 
a point on the highiwiy' that is a dispensation of Providence for — 
“which he cannot be expected to provide i in his specifications. It is » happening Be a ele 
probably every, day i in the year without any one being aware of it, or of any Pa 
harm resulting. . Many construction engineers will recall having dug 1g up so er a 


“fulgurites” , particularly in sandy soil. These fused cores of 


in appearance not unlike ‘some stalactites—have been made by the ‘lightning 
discharge a as it passed down to the moister strata of the lower earth levels — a 


and there dissipated its energy: iw at aobolexe 


od Referring to the ‘ “Gulf Beach Highway”, from 4 the evidence presented by 


the a author, - the writer would deduce that 1 the section of damaged roadway had B's. 


become charged above earth potential i in the manner described. Mr. ‘Wheat 


does not give any direct evidence that the pavement was actually struck by . 
ti ghtning discharge—the writer prefers the latter term to “bolt of li ghtning”— 
is it necessary that it should have order to ‘acco unt for 
What probably happened was that the discharged 


selves ‘simultaneously with a a lightning discharge in the immediate 


The pavement was obviously not a good “earth”, but rather a well- \ihwulatod 
body, and, as such, lightning would not ‘tend to discharge directly on it; on 
the other hand, it was itself in good co condition to become charged prior ry the - ; 


bor states that the incident occurred during a thunderstorm. It 


not say explicitly whether rain was. falling at 


an is available for the damage at ‘the expansion. joints, be 
cause there it would be most likely for | moisture to penetrate and descend in ia,” 
“2 


the sub- -grade. In any event m moister conditions would ‘prevail un nder these 
- gotnts than under the slab. In ‘speaking of moisture, the term in this case 


is used relatively—an electrical potential of the order under consideration wi 
discharge itself through moisture which on nly a chemical test would reveal, ‘and — 
- 5 ‘through many feet of air as well—and the author’s statement that moisture | 


= essential for grounding lightning discharges: must be read in that light. 
Wey 


Each section would discharge itself through the point of least | ‘resistance 
2 to earth—in this: case the joints. fs The accompanying flash— —in effect, a light- 


ake 


ning discharge i in miniature—would create steam and gas to disrupt fess 
and heat to set fire to the asphalt filler. 


peculiarity that the concrete w was at ‘the end 
only ‘of could be explained by the fact that the reinforcement, 
‘more closely to ‘that end, and thereby: provided ‘a shorter dis- 

ing cause would be “that if der 
down from west to east surface 
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on 


its, lower, or. eastern, end would seep through 
the. ‘upper side of each expansion. joint. that. cas the high end. of 


each. slab would dryer and the low end the and, therefore, the 


surface on “piternate. corners of each slab. case. writer ‘would 

look for simple mechanical reasons, such. as comparative measurements, to 

explain these phenom ena in, preference to searching for obscure electrical 


aoe In spite of all precautions lightning will sometimes defeat. the power, wi 
gineer. An insulated | conductor—be, ita power transmission line or. al “Gulf 
Beach Highway”— —once it has. become charged by. a high- potential may 


a likened | to. a long pipe, open. at both e nds, and charged i in the middle. with 


dynamite. If the dynamite explodes it it will wreak its damage i in its immediate 


- neighborhood—the open ends of the 1 pipe are not going to help. much. gt 
dynamite, analogies are sometim es, dangerous, and this one must not be pushed» 


‘too far. It will help one to realize, however, that a charged body will probably 


free itself of its “bound”, charge over the shortest path to. earth and without 
much. cons ideration of ie insulating | properties of. that path, . Thus, the power 


eins may find many of his line insulators broken down ‘ml a lightning ie 
ie charge without either his line being directly struck or his lightning arresters 


‘failing t to. operate, 


Incidentally, cases have occurred. where power lines out 
use and ¢ 


‘disconnected have yet ‘broken, down their insulators during a thun- 


pe it is not going to help much—even if it were practicable—to 
DML pavement reinforcement electrically and mechanically continuous, with- 


out impairing the free expansion of the pavement, and then providing it with 

special connections to earth. As has. been already pointed out, it is ‘and 


Al 

“always: normally will be efficiently earthed by its very nature, and no. pos- 

sibility will ever arise it being charged to a higher ‘potential than the 

eral ody of the surrounding earth. b od vat ole al 

: m 


The e circumstances and conditions described in paper are so rarely met 


ona that it is probably better economy | to face the cost of occasional small repairs 


rather ‘than attempt to. provide costly, and not always “certain, protection 


Beara lightning for a ‘pavement. which is to be laid on very’ dty sand « or 
earth. _ The danger t to, life i is practically non-existent; it is certainly less than a 
the normal risks involved i in using the road for travel. ot 


“ot 


Steel- frame railway tracks, ete, 
earthed ; they cannot acquire. “boun 


to protection for ; the equipment should 
a: af be. efficiently maintained, and tested at r 
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pus OW. MARSHALL , Pace, Esq. letter). Parker’ s suggestion of using 
*y a “factor length” ‘instead of ‘the usual span Jength i in the parabola formula, 
ing provision ‘for the — at the support. rather ‘than using 
he tension at the low point of the span, isa ‘a decided improvement, _ The in- i 
a crease in accuracy obtained makes this method with his modifications equiv 


short span construction, the ordinary: parabola ‘method ba been as 


satisfactory ¢ as the various catenary ‘methods. however, ‘subject. to 
criticism in the calculation of sags for long spans, these showed | a 
greater: safety than actually existed, or gave a ‘stringing ‘sag less. that 


obtained by other methods. error tended to ‘decrease the actual factor 
safety. Probably one of the main objections to the ordinary parabola 

c «Iti is true that many of the other factors that enter into a sag problem onl e. 
also subject: to considerable variation, but these have been generally under 

or accepted, and have been provided for by using conservative assump-— 


tions. incidental errors were usually i in such a | direction 2 that the actual 4 


the rated id strength used i in athe caloulations. the’ 


Parker gives a very clear demonstration of the parabolic: method 


of sag problems, and cites the of this method. 


) in “Fig. 18 definitely i, the relation | ‘between the e sag and tension of a sus “ 
rene wire under various « conditions of loading. _ This is a very desirable: 


sag problems. 
The use of the “factor length” and the actual tension at the support: 


be adopted by all who are using the parabola method. It retains all the advan- 


crease in accuracy mak 


©. MA Am. Soo. ©. “(by letter). $—The author prevents a 


‘method both simple and for 


lu ition of the sa sag x of cable : spans. 


on _ * This discussion (of the paper by Edwin S. Parker, Assoc. M. Am. Soc. C, E., published 4 
in September, 1926, Proceedings, but not presented at any meeting of the Society), is printed ee, 
in Proceedings in order that ‘the views expressed may be brought before all members for __ 


x 


t Received by the Secretary, October 18, 1926. 
Proceedings, Am. Soc. Cc. B., ‘September, 1926, and Discussions, 
4 Cons. Hydr. Engr. (Stevens & Koon), Portland, Ore. 
ates { Received by the Secretary, October 18, 1926. ae 
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ars 


i> be given cables in cars | for stream-n -measurement work.* “The 


e requirements in that work principally hinged about the fact. that the ‘operator 


must be in no danger of touching the water. when the stream was in ‘flood. Be 

Iti is often impracticable to give t the. cable a predetermined tension, and the. whee 

writer, outlined a ‘method whereby the required tension at erection could 
Berd given by an “erection sag,” which would be inversely proportional to the q 
re sion. ‘Iti is a simple matter to draw a cable up t toa given. sag, but not always at» 


One difficulty. ‘encountered by the writer— and: the author has thrown no 


on it—was to correct for r the effect o of ‘temperature. It is once the 


coefficient. of. expansion. is. known, ‘The. writer r questions whether the wit 


eat wh 


coefficient for the material of, which the is will apply to the aay 
itself, He recently requested the U. Ss. Bureau of Standards to forward 
him data on this question, but that Bureau had no information on 
ae It appears that the coefficient of linear expansion of a cable as compared hel 
with ¢ a wire of. t e same . material must vary with the lay of the cable and also hits 


with the tension it is under at the time. the author hes any data « on this” 


point he will render the profession a service by publishing them. 
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ENGINEER AND THE TOWN PLAN 


Cuantes H. M. Am. Boo’ E. Befare tha. 


Am . Soc. C. E the work of city ‘planning, the 
ortunity to get in “close. touch with 1 the public, such 
ag is not offered in many other branches of engineering. speaker has had 
ug the privilege of serving on the City Plan Board in” Dayton, Ohio, and that - 


thon work has resulted in the fullest co- -operation between the City Plan Board, bo 
the in al Estate Board,:the: Chamber of and various other business” 


= Plan Board was amis by the fact that two me ‘the seven members | appointed 
were. engineers, and one | executive ‘definitely engi- 


bringing to the of the Fpublie: the value training 
and) engineering analysis in the solution of many of the problems which are 


7 


“= One of the problems that this Plan Board has recently worked | out is a 
 gerious grade-crossing situation. For the last fifteen years elimination of 
crossings i in Dayton has been discussed. Various Solutions have been 


offered, but the situation has never been studied i in a manner that would give on 
consideration and weight to the ‘advantages and disadvantages. of the 
various possible solutions. The City Plan Board has had the problem analyzed 


Mae in that way, and has taken into account, , and made a part of the same problem, 


ne re- arrangement of streets and thoroughfares in the vicinity of t tracks, 


| 


crossing elimination is bound to increase year by year the actual work is 


‘postponed, it has been remarked publicly by. one of the city officials: ‘that the 


delay and increased cost, in this case, are well worth while because the present — 
is so much better than | any that had been offered before. 


The city ‘planning engineer, just by the nature of his’ work, is dealing 


with the public. most of the time. has the opportunity to 
and 


it groups, at ‘the same time, he: has: the chance to ighovw' the both’ a as 
individuals s groups, that engineering training and the engineering» 
He approach to a municipal problem usually results i in the most direct, satisfactory, sti! 3 
and economical solution. Contributions this kind by ‘engineers to civic wr 
do. more than almost anything to. put the profession in its” 
ace in the eyes of public C. ei hedail 
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‘AERIAL SURVEYS’ FOR CITY 


‘By Messrs. Artuur S. F. L. OuMstep, anp Cuartes N. GREEN. 


ARTHUR Am. S00. C. E. letter). 4$~This paper appears to 
the subject so thoroughly as to leave little. opportunity for further ampli- 
fication « or discussion. It may be advisable, however, to emphasize a mumber 


of points ‘to which the author re refers and to explain a little more fully the — 


that: determined: 1 the aclestion on of the 600- ft. ‘scale for the New York 


the question of cost was, of course, an important consideration, the 


prime factors in ‘the determination of the scale to be adopted we were the utility 


= changes, isona 1 seale o of 600 ft. to Li in. n. and comprises 5 35 sheets or sections, ne 


‘each measuring 29 by. 424 in. , including a lap. This scale has been 

a = by long experience to meet all the requirements of a general map | 
and. to serve as an. index of ‘the large scale on which the details of 
individual x 


Z fulness of an air map in the visualization of city problems would be eal 


enhanced if it could be studied i in connection with a line map of the correspond- 
ing area, and that: for this p purpose there would be a distinct advantage i in hav- 
4 - ing the scales, .of the two maps identical. In the writer’s opinion, this ¢gonten- 
which largely determined the adoption of the 600-ft. scale, has been Ds 
clusively demonstrated to have rave been sound, and in view of the size of the area 


covered it does not appear that : any ‘adveiitegp would have resulted from us using we 


impracticability of reproducing or handling photographie copies of the 


air map, measuring 29 by 424 in. in size, led to the plan of subdividing a : 
covered by. each section of the city map into four sub- each bear- 


sectional sheets make an atlas measuring in. thick- 


discussion (of the paper by Gerard H. Matthes, M. Am. Soc. C. presgnted at 
aes the meeting of City Planning Division, Montreal, Que., Canada, October 15, 1926, apd pub- 
_ lished in September, 1926, Proceedings), is printed in Proceedings, in order that th > oe 
expreqeed may be brought ‘before all members for further discussion. 
+ Chf. ‘Engr., Board of Estimate and Apportionment, New York, N. 


oy t Received by the Secretary, O 
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8. ON AERIAL SURVEYS FOR CITY 
With: accuracy, the contract under which the New York City 
was furnished provided that measurements made between any two points 
onl the map not less than 9 ine 6 400 ft. ) apart should not vary more than 8% 
4 from the corresponding. distance on the control system. In this case the control 
was the city map previously referred to, the groundwork of which is based on a = 
precise triangulation survey executed between 1903 and 1908 jointly by the at 
Coast and. Geodetic Survey, and the City of New York. Before the air 
was’ a accepted. it was seen that this provision of the contract shad been 
rigidly complied with and ai more recent test the comparison of | 
teen scaled distances, ranging from 5 500 ft. to about 6 400 ft. in length, has 


a ‘maximum discrepancy of 1. 8% average of 0.6 per 


= 


to appliances and highly trained ‘and calls attention 
he fact that the taking of photographs i is limited to perfectly : clear days which, 7 


reater: ‘part of tthe United | States. Tn confirmation of ‘this ‘condition it: 


nay be stated that between August 9 and October 17, 1928, when the New York — 

ity area was photographed, there were only 11 days when satisfactory atmos- ee 
1eric conditions prevailed and. that it was ‘subsequently found necessary to) 
e-photograph a part of the Manhattan area to secure clearer definition. | ‘oo a 
should also be remembered that photographs must be secured toward the middle 
of the day i in order to, minimize the effect of long shadows, and that for helvitys 


7 rooded areas the topographical features can only be secured at a time —_ 
year when the foliage is, not dense. The last consideration will not generally 


>. 


Pp 
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apply i in the case of city work, “ih he How 


_earefully made air ‘map is ‘of inestimable value as an adjunct to the 
ere 


visu ualization a nd solution of city planning problems. yt In some instances where “i 


" other maps or data. are lacking and the time clement i is the all- -important con- 

sideration, |, photography supplies ‘an means which has hitherto been lacking for 
securing fairly accurate and detailed information with the greatest “possible — 
di iA atch and economy. In general, however, such ane made entirely by photo- 
eee: processes: will not supplant ‘the draftsman’ 8 ‘portrayal of the situation, 


based on accurate and’ detailed ground ‘surveys, but will be used rather to 
F. I. Esq. (by letter) -+—The writer can only, confirm in gener ral. 


that Mr. Matthes has said regarding aerial surveys. for city planning, espe-_ 


his ‘statement of the ‘advantages of using the original photographs 
one occasion recently tl the writer had made for the prepa- 
4 ation of a controlled mosaic map, covering about 250 sa. _ miles, as a basis for. 
preliminary general city plan, but owing to bad weather and other adverse. 


a 
conditions | only the original unadjusted aerial photographs were ready: at the, 


sae 


g 


tie’ it ‘became “necessary to push the fiel a studies, ‘for ithe plan, The mosaic. 


to’ been enlarge about, two and one- -half diameters, from. the scale 


* Olmsted Brothers, Landscape Archts., ‘Brookline, Mass, vit 
‘Received by the Secretary, October 1926. 
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ON sunveys FoR PLANND 


the original to be of 
varying considerably in individual | ‘scale 


— 1000 ft. to 1 in., were matched together i in long strips of overlapping prints 
fastened by adhesive 1 paper ‘ hinges 0 Many section corners and section lines 


were recognizable ey the s streets, roads, and fence lines. Large paras of tracing 


sent ‘the. locations of section although were e known, of 
ie ‘course, not to be exactly ‘mile squares. With these : as a rough control a hasty 


tracing was made from the photographic strips showing the main features— 
roads, (pond, streams, ete— —as a general rough guide map. belave 


fashion and carried on of “compo-board” 
Pn rubber bands, prints of the general guide-map tracing being carried along for 
| reference. Field notes were made in ink and in pencil ‘directly | ‘on the photo- 
BI ce graphic prints, the wealth of detail—trees, fences, buildings, roads, trails, ponds, 

and streams—sufficing to locate ‘on the prints instantly and with precision (in 
relation te to surrounding objects) any point observed on the ground. Elevations 
3 i eae were spotted on the photographs at the principal points along linesj where ver- 
tical control had been run by field parties. The variations in segle between 
ld adjacent: photographs of course made it impossible to record withput danger 
bie ais of considerable distortion alignments extending across more than one photo- 
al mw graph and not represented on the ground by visible objects, such as — or 
bs, fences, and the map was wholly without contours. 
« As nearly all the topography was very gentle and the lines of weibatel gest. 
age me ae well indicated by brooks and ditches, it was possible, subject, to later i 
adjustment of alignments of proposed streets extending across. the matching 
a. lines of the photographs, to complete nearly all the: field work for the general | 
“td plan before making either a “controller” ” mosaic map | or a proper; controlled | 


line The problem of. subsequently transferring and adjusting ithe details 


the general to the completed controlled map at ‘uniform’ seale 
Mig 


a limit. of less than 20 ft. wherever that precision was 
+ ‘cart-before- the-horse” method should be adopted only where consid-— 
erations of speed absolutely necessitate it; but the writer r’s experience with - 


strongly emphasizes the advantages of workin ng directly o on the original aerial — 


photographs with their complete detail, in ‘conjunction: with « a line map ba sed 
tard on ‘those photographs and showing | only a small fraction of their detail but cor- 
in scale. The oceasional use of a magnifying glass, a an nd, for certain pur- 


poses, ¢ ofa stereoscope, these small- “scale photographs the taking of 

some pains ‘in drafting and note- making, permit the accomplishment of etter 

pe a results in less time than is possible by, ordinary methods with maps on a much — 


larger If time and funds permit, it is. easier to work such plans ou 
n maps at a seale of 400 ft. to 1 in. 3 but by taking: ‘the necessary pains 


greatly reduced 
“at 
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4 1000 ft. to 1 in. is near ‘the practicable @eekable limit. 


‘Tssue can be taken v with Mr. Matthes on only one point. i is quite right 
in stating that horizontal. control of a _ geodetic precision is wholly unnecessary 


for maps intended as a basis 1 46h jreteral’ city planning; but it is | equally true, 
as he also i indicates, that such general plans must be followed i in course of time — ; 


large-scale precise se fragmentary plans for construction, and for cadastral 


‘ 
both ‘cadastral surveys sand city’ 8 detailed 


construction s surveys ‘must be tied, are located once » for all in relation to a 
single uniform system of co-ordinates by means of a control ‘survey of a high o 7 


degree, of precision. ‘The making of a general 3 map of the whole territory, even a 


if its scale is to be so small that a non-cumulative error of 4) t. is negligible, et 
‘necessitates some general ‘system of horizontal and vertical control for the 


whole territory and ‘makes an occasion for getting a main skeleton of 


pons sufficiently + precise , to be used for all s1 ubsequent detailed s surveys on any 


_ scale, 80 that as they are gradually extended they all will fit without “fudging” e” te - 

where ‘they meet and overlap. 

| Onartes N. Greey,* M. Am. | Soo. ‘Os: E-In a study of Northern New 

ersey with the idea of betterment of transit facilities, air pictures” were 
made of an area of about 150 sq. miles. - From east to west the area ‘extended pee 


the Hudson River to the Orange Mountains, and from 


north t to south ‘from Paterson to and including ‘Newark. All the photographs ee 


= re made oblique, and were taken at an elevation of. ener 10000 ft. The — ae 


photographs, of course, were not in detail. Ifa ‘particular area were ‘required — ee } 
detail, as, for example, that ‘point where the Erie and Lackawanna Rail- 


a roads cross before entering the tunnels in Je ersey , City, and also some entire 


wns, the prints were enlarged. fl baa. 


spot to photograph. Apparently, can | on 


with a a northwest wind. crossing, not at grade, more ‘than fifty 


trains passing « over the roads on a week- day morning, together with 

moisture in the ‘air, bring: about an atmospheric condition so dense that it 


> ; 
ca cannot be -penetrated even en with a screen. Several attempts were made and 


anti 40% of each photograph i is all that can 2 be used; ‘the: remainder has to 


mene across the every ‘mile- or two so that the 
well covered. This method, however, requires a location to show 
reference, any area may be picked out and studied i in detail, with the further a 
gement if desired. For the purpose for which these photographs — af 
made, they, have been 1 very satisfactory and have saved ‘an incalculable 
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eri By Hanrnison P, Envy, M. Am. Soo...C. 


— pointed out by Mr. Macallum, is one that has not been studied thoroughly i in | 


all cases. ‘Sometimes, apparently, such chambers pean, 4 an, installed, 


the practice ad been adopted ‘elsewhere. eats, 


There h ave . been ‘many instances, however, where grit. chambers _ 
proved of value. At Worcester, Mass., about twenty years ago, they were 


Bros. 20 installed as a means of preventing the large expenditure required for labor in 
eee... removal of heavy | sand and gravel deposits from the sedimentation’ tanks. — 

At that time the sewage 0 of Worcester was treated by chemical “precipitation. 
ha Fitchburg, 3 ‘Mass. where the 1 topography of the city is very rugged and 


ee where there are many miles of gravel and cinder roads from’ which large 


quantities of | sand and detritus reach the sewers, grit chambers have ‘been 
Pr ‘ installed at the “up-stream | end of a long inverted siphon leading to the treat- a 


3 “he ment plant. - It is of interest to note that in spite of this it has been neces- 
os Sey to clean the lower compartments of the Imhoff tanks at ‘this plant. In 


these compartments accumulations of inert material consisting jin’ part of 
sand, gravel, and cinders gradually reduce the total effective capacity for” 
sludge digestion ‘until the material is removed. At Fitchburg, designs have 

fv ‘a * 
prepared for an additional set of grit chambers, in. to ‘reduce the 


pie 


eee, | There has recently developed in the United States another problem which — 
ee. has rather overshadowed that of grit handling. This is the renpoval of oil. | 
Oil comes various places such as automobile service station 8, factories, 
and gas- -works. At Akron, Ohio, as much as'300 gal. of. heavy | ofl have been 
skimmed from the surface of existizig Imhoff tanks in a single day,even n though 
ie the plant was receiving only a moderate portion of the entire ‘sewage flow. 
Similar: conditions have occurred at Schenectady, N. Y., Milwaukee, Wis., 
Chicago, Ill., and Worcester; and, at Detroit, Mich., large ‘quantities 
‘flow from the sewers into the river. wd BOTT: ord 
“aad In order to remove this. s oil promptly and inoffensively and at. the same 
time remove the grit and coarser suspended solids, a skimming detritus tank 


<i liste Discussion on the Symposium on Grit Chamber Practice continued from ‘November, q 


Cons. Engr. (Metcalf & Eddy), Boston, Mass. . 
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EDDY ON GRIT CHAMBER PRACTICE 


55 ‘ft. in diameter and will be admitted to 


one side of the tanks: and the effluent will out through ‘submerged orifices. 


average ultimate ‘rates, of flow these tanks will provide a “detention .. 


The tanks will with adjustable weirs and revolving arms, ad- 
justed so as to skim the grease - and cause it to flow ‘on to small drying or 
absorbing beds. A part of the suspended solids, “including” ‘the grit, will 


a 
Revolving plows will be provided to assist the “passage of the settled 


solids to a central sump in each tank. These sumps ‘will be connected 


centrifugal pumps, which will draw the sludge and grit together with 


Rately 20% of the sewage from the bottom of the ‘detritus tanks. 
oy This concentrated sewage will flow th a 


grit chamber will ‘be about 3 ft. wide. and have an depth 
: of 35 ‘ft. Each chamber will, be provided with a flight. conveyor to 


Serape the grit from the chamber up, an incline and discharge it into a 


storage chamber, from which it, will be dropped into cars thus carried to 


7} Mears A ish oft vb Jom vroodt aul’! 
The flow from the grit. chambers will contain. co considerable suspended or. 


ganic matter for the removal of the coarser portion. of which two mechanical 


fine. screens with, din, slots, will be provided, ‘These screens will: be. 6 ‘= 
“Tong. 6 ft. 6 in. i in diameter. be of either > 


by incineration or by | use for filling. 


the in ‘Imhof tanks and them unsightly or expensive 


to maintain: in a presentable | condition. The detritus tanks will be at least 
effective as grit chambers and | fine screens in removing grit and the co coarser 
sus solids. This rem removal of the ¢ coarser suspended matter will 
danger of trouble with scum i in the Imhoff tanks In the case 0 of Akron 
t is estimated that detritus tanks for the entire sewage flow, . with | grit 
- chambers and fine screens for the concentrated sewage equivalent to 20% of 
the total flow, will result in a substantial ‘saving in the construction and opera- — 


ion costs over similar costs’ ” 8 it chambers and fine screens for ‘the total — 
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RATIO § SPECIFICATION FOR (CONCRETE 


1 
Discussion* 


rat baw aldatentbs diivr aps: 


Be Wartson,t M. AM. ‘Soc. C. E. (by letter).{—It is ‘the writer’s opinion, 
it agreement with some authorities, that the quality of concrete is dep endent — 
"principally on the quality of the mortar, or the. combination of water, cement, ce 
and fine aggregates. He does Lot agree with the authors ji in their hypotk esis§ yin 


no) 


t * ® the fundamental principle that the strength and other desirable pose 
Properties of concrete. are definitely determined by the ‘proportion of the water 


the cement i in the mixture, ‘provided only that the concrete is plastic and 

“work able 


and the aggregates are clean, and | structurally sound, 
This’ theory i is ‘not. substantiated the data presen mted. A ‘comparison 
the results in Table a with those represented in Fig. 1 1 discloses ‘differences — ies. 


‘that are typical of the inherent futility of a -conerete. strength specification 


: ie for general application because of the different strengths obtained by the use oa 


of different cements and. different types of aggregates, and on account al 


if 


aol Quanrirres or Mrxine Water (U.S. GaLtoxs) PER Sack (94 Le. 


oe ta 


_ It will be noted from Table 4 ‘that there was a general decrease i in strengths se 
as the proportions of fine aggregates were increased, even if the same water- ioe. 


cement ratios were maintained, and that when a ‘proportion 
reached, the -_water- cement ‘ratios affected the e strengths i in a much lessened 


4 Asst. Engr., "BEng. “Dert., "Pittsburgh, Pa. 
t Received by the Secretary, September 28, 1926. practi nt 
are Proceedings, Am. Soc. C. E., September, 1926, Papers and Discussions, 
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Further analysis of Table 1 discloses that there was” a 


between the maximum concrete strengths for the various water- poement ratios 
"and particular proportions of fine and coarse aggregates. Also, for a given 
water ratio and fixed proportions of cement and fine aggregate, the intro- 


"duction of small quantity of coarse aggregate almost invariably decreased 
‘ = the strengths; and increased proportions of coarse aggregates produced higher we 


x strengths: until proportions were re ached at which the maximum ‘strengths 


«Were. obtained. Thereafter further increase the proportion of coarse 


to overcome the : BLN weakness of the concrete caused by the additional 
of cleavage due to the ‘increased of coarse aggregates. 
& Bisa the proportions of coarse aggregates were increased beyond the point 

where the mortar filled the voids the strengt 1s became less, cpanel 34 
Compressive strength has answered a useful purpose in spurring concrete 


users to strive for the better properties « of ‘conerete ; but | compressive strength 
far from | the basic essential quality ‘required for the vast majority of ¢ con- 
ee structures. s. The quality most desired is sufficient durability to with 
x stand the destructive agents to which the concrete will be exposed. 
durab 


4, 


same reasoning may be with ‘erédations of fine aggregates as 


ngths 


was used previously i in referring to concrete strengths. ‘The higher strengths 
obtained with the coarser gradings of fine | aggregate are due to the absorption — 
_ and phenomena of curing, and to the relatively rich matrix of those fine - a 
particles of the fine aggregate in combination wit he. retin ned cement, in 


Efe which are mmedne. the larger particles: erroneously assumed to be fine aggre oe 


; as gate, but, in reality, when larger ‘than some unkriown size, found to be parts 


The -auestion of the maximum permissible allowance of fine aggregate 


No. 100 sieve is pertinent, when considering durability and is a 


“matter ‘too frequently overlooked. ‘Fine aggregates with any. considerable an 
percentage e passing a No. 100. sieve should be particularly. investigated. 
no other aggregate is aveilable: a compensating increase in the proportion of 


cement. should be made,. because in the. ‘usual run. of fine aggregates the pr pro- 
- portion that passes a No . 100 sieve is 3 practically an inert fausiah which ‘acts 


Me 

é caused by the introduction into 
portions of coarse agarezates Particles of the coarse aggre: 

of planes of cleavage along t mixtures containing larger pro- 

4 Che higher strengths obtain he absorption into the coarse 
f the water and by the phenomena of the 

aq the conerete. This was aided by 
| 
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Tt is generally conceded that concretes of very” low other | 


heoretically. ‘undesirable properties | have given satisfactory service not 
‘exposed to ‘outside. climatic conditions, s, frequent alternate wetting and drying, 


hydrostatic pressures, or other destructive agents. would s seem logical, 
5 a ‘therefore, ‘that concrete for particular purposes should be specified in accord- 
ance with the conditions of exposure and durability. “bia 


The writer is in agreement with the authors. that ‘the water- ratio 
is a | basis for concrete specifications. % The principal purpose of the ‘suggested 
amendments to the proposed specification* "is as follows: (a) The avoidance 


of ‘as many technical terms” as possible; (b) the avoidance of a ‘strength 

“specification ; (c) the fixing of definite proportions of water, cement, and 


Th 
“ar gregate; and (d) the sanction of the ‘proper use of smaller gradings of ane 
oe aggregates. The following amendments to the proposed specification are sug- 
rea Omit. in its entirety the Section entitled “ ‘Suggestions to Bidders”, at a 
Water- Cement Ratio. —Omit this Article and substitute ‘the ‘following: 
—Concrete shall be placed in accordance with classifications indi- 


— on the plans and the following proportions of water, cement, and fine 


~ 


Seat eB combined with such proportions of coarse aggregate as will produce a mix- = i. 
out segregation and that will insure surfaces free from honeycomb when forms 


aggregate (dependent on the size classification hereinafter described) shall 
a ture that can be readily puddled i in the forms and around reinforcement with- 


ok ne aggregate, et saturated. 

classification. | Water, in i 


* If fine aggregate is measured in a batcher or other receptable by loose volumefits loose 
"volumetric relation to a saturated volume shall be determined. = 


Moisture contained in the aggregates must be deducted. to. 
method of measuring materials shall be such that all, portions 
are closely controlled easily checked at any time 
Lee “Aggregates shall be such as will insure uniform quality ‘and gradings. at 


“Concrete. Classificati Vi ai ovsia OOF 


Thin reinforced lab sections .t0 outside ‘alimatic. 


di | 


“Db -“(B) Reinforced beams or columns, thin reinforced walls, copings, } pro- 
Prorpet water-tables, or horizontal surfaces on which water is 


7 With. a definite aggregate acts as an ‘ater, 
and as long as the proportions are such that the mass is readily placed without. segregation 
there will be mortar to fill the ‘voids. » > (OF SORTS 
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Interior structural members; and structures or structural mem- 
“eae bers not reinforced, with comparatively vertical surfaces, when 
“(D) Foundations not exposed to outside climatic conditions.” 


easuring Moisture ‘in the Agaregate. —This_ ‘Article ‘should amen 


to ‘restrict variance inn so as not ‘to “exceed 1 Ib. in each 100, Tb. of 


aggregate. The allowance of 2 Ib. is ‘excessive and would defeat the 
) 


surrounded _by of a lower water-cement Tatio. to offset the per- 


Sig meability of this type of aggregate. If no allowance ‘for ‘absorption. i is made — 


in the quantity of water the capillarity of this type of aggregate to. ‘some 
Concrete Proportions and Consistency.—This | Section should be omitted. 
‘The personal equation entering into the making. of slump. tests is ‘such that, E 
n especially qualified hands, the slumps are only a guide to the water. 
ent, and.exacting methods of proportioning are : used to insure identical « quan: ey 
_— tities of all ‘proportions. of uniformly graded fine and coarse aggregates, _ The 


slump test should be avoided as part of a specification. 


Control of Proportions.— —This Article should be omitted... 
Tests of Concrete.—This Section should be omitted. _ Although it is desir- 
able that frequent tests should be made to satisfy. the Architect. or 
of the uniformity of the concrete as accurately gauged by | concrete. ‘specimens | 

men properly | made and cured, they are not pertinent to the specifications; 


‘Fine Aggregate: paragraph should be amended 


“Fine aggregate bal be within « one of the following size 


ail 


amended to limit temperatures of n ot! 50° Fa hr., or more than 90° 


Experience has that under certain seasonal conditions the he placing 


concrete at a ‘temperature a as low as 40° > Fahr. ‘involves “unnecessary risk. 


maximum temperatur the concrete should not be above $ 90° because 
hen the ‘eoncrete temperature is there is of structural 


about ‘70° Fabr. will give very 
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S. Wurrvey,* M. An. Soo. (by letter) The 
convinced of the necessity or advisability of th e use for 
eonerete that does not give the contractor definite proportions on which to 


i base his of While he of. technical control of ropor- 


owner, the saving effected by such control should ; go to the owner. in other — 
fe ~ words, the owner should pay a reasonable price for the materials and labor, o% 


and the should be relieved i in far as possible of the gamble which 
‘results from an indefinite specification. ee competition is ‘desired, it is fair 
that the | should the same q quantities, ‘so that the con- 
a tract will not go to the one who happens to be the most optimistic about the 


uniform bidding, the specific 
as to the quality of materials and the proportions to be used. “It may then be 


provided that the engineer may establish the ‘exact proportions by any desirable 

aa method after samples of the ‘materials have been submitted and during con- ee 

struction, and that the owner is to be credited or charged with the difference 

cost of the m materials. ‘is also well to specify as accurately as 

consistency y desired, that there may be no “misunderstanding. 

specification leaves the ‘engineer entirely “free to proportion 
way think best without depriving the contractor of any of his 
profit ‘and makes” possible the most efficient use of the materials and of a” oe 


Tf the strength of concrete depended entirely on the water cement ratio, the — ‘at 
 gelection of aggregate would be very easy, but the problem i is not is ‘simple. as 
The only disadvantage of the form of. specification suggested by the 
Eeeer.. writer i is that the owner will not know 4 in advance exactly what the total cost — 
will be. It should be possible, however, ‘for the engineer to predict the proper fe 
closely enough, s that he change ‘made during construction 
have little effect on the ‘cost, The owner will pay for only what he receives, 


and: the. contractor will have a financial interest in ‘using the cheapest 


possible mix. case the owner is represented by an independent engi- 


and the ‘proportioning i is in hands of the contractor’s force, it would 
seem, desirable to include in the specification some f form: of strength clause 
| then the payment could be based o on n the actual eeoeeetionn cused. 


tds 
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‘STRESSES IN STRUCTURAL MATERIALS» 


ig 


L. ‘Tavtor, Lewis: D. ‘Rieuts MILLER 


anp Cartes S. WHITNEY. 


L. Taytor M. AM. Soo. C. E.—Attention should be called. to the fact 
that the reportt of the Joint Committee on Specifications for Concrete and Re- “a 


inforeed Concrete incorporated in the report, of the Building 


te ‘case of with ‘steel, practically a new "specification has 
F This new goes not differ materially from speci- 


por Professor Turneaure called attention to the limitation of the compressive a 


stress for columns.§ The recommendations of Building Code Committee 


3 allow an increase of 25% when wind stresses ar are ‘included, whereas the speci- 


fications of the American, Institute of Steel Construction allow 833 per cent. 
is 

it wou ld appear, ‘as Professor. Tr urneaure also pointed. out, , that 


i» the stresses for steel have been made more conservative than those for. rein-— 


would be obtained if the 


for be. made ‘absolutely ‘identical with those recom- 


by the Institute for Steel Construction, which 


D. ‘Boo. E.—The speaker will confine his re- 
to stresses: in structural steel. ‘The Majority and Minority. Reports of 
‘the Society’ Special Committee on. ‘Stresses in ‘Structural Steel] and the 


‘specification of the ‘Aierivan Institute of ‘Steel Construction have been men- 
Dean -Turneaure has. spoken of the Tentative Report of the Build- 


ing Code Committee of the U. Ss. - Department of Commerce. si 

ail ‘The ‘Tentative Report of ‘the Building Code Committee issued i nl May, 


= a 1926, called for a basic unit working stress in tension of 16 000 Ib. per sq ’ ie 


Chf. Engr., McClintie-Marshall Co., Pittsburgh, Pa. ‘ot alqan 
Proceedings, Am. Soe. C. E., October, 1924, Papers and Discussions, 1153, 


ctt., 1926, and Discussions, p. 1424, 
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Au. Soc. EB (by letter), writer is n 
‘convinced of the necessity | or advisability of the use of specification for : 
eonerete. that does “not give the contractor definite proportions on. which to 


base estimate of ec cost. Wh hile the method of technical “eontrol of propor- 
; tioning may be | explained in ‘the specification so ‘that the contractor will know 
what to expect, the administration | of it should be entirely i in the hands of the 


engineer. ‘The purpose of any ‘specification should be to insure to the owner 


‘a good jo ‘and to the contractor a reasonable compensation. If the control 
of the proportioning is under the direction of the engineer employed by the. 


owner, , the saving effected bys such | control sl should go to the owner. In i 
words, ‘the owner shoul ld pay a ‘reasonab ble peice for’ the materials and la 
ie a. and the contractor should be relieved in so far as possible of the gamble which 
results from an If competition is desired, it is fair 


at 


Nr, 


_ For uniform bidding, specification should definite instruetions 

bei the quality of materials and the proportions to be used. _ It ‘may then be 

= d that the engineer may establish the exact proportions by any” desirable a4 

method after samples of the ‘materials have been submitted and during con- 

that the owner is to be credited or charged with the difference 

% | id cost of the materials. It is also’ well to specify a ‘as accurately as possible ai 

the consistency desired, that there” may be no Such a 
specification, leaves the ' engineer entirely free t to proportion the concrete in ty 

way he n think best without depriving ‘the contractor of. ‘any of his 

profit” and “makes po the most efficient use of the materials and of the 


If the strength of conerete depended ‘entirely on the water cement 1 ‘ratio, iar 
q selection of ageregate would be very easy, bere the problem is not as simple 


ae m of. specification suggested by the 


“writer is that the owner will not know in exactly the total cost 
be. It should be e possible, however, for the « engineer to predict t the 


proportions closely enou gh, | so that the ¢ range! made during construction will — 
little effect on the ‘cost. The owner will pay for only what he ‘receives, 


and the contractor will “not have a financial interest in using the cheapest 


Possible mix. In case the owner | is not represented by a an independent -engi- 


_“neer and the proportioning is in the hands” of the contractor’ s force, it woul he 


desirable to ‘include i in the 5 specification form o strength clause. 


then the payment could be based on the actual proportions used. 


— 


¢ Received by the Secretary, October 15, 1926. OFT) quality aod. gradi 
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‘STRESSES IN STRUCTURAL “MATERIALS 


Messrs. G. L. Tavtor, Lewis D. Miner, L. S. “Mors- 


sEIFF, GUSTAV LinventHaL, Ropert C. STRACHAN, AND Cartes S. WHITNEY. 


oe qo ed of bail ; Axe orl} 
Taytor, M. Am. Soo. C. E.—Attention should be called to the fact 


‘reportt c of the Joint Committee on Specifications for Conerete and Re- 


Concrete been i incorporated in the ‘report. the Building Code 


Committee of the U. 8. Department of Commerce practically as whole; but in 


the case of the section | dealing with steel, ‘practically a new specification has 


Bs: been written. This new specification does: not differ materially from the speci- 
AT RE TH AL af 
fications of the American Institute of Steel Construction, but still it is ‘dif- 
- Professor: Turneaure called attention to the limitation of the compressive © 


lic 


allow an increase of 25% wind stresses are included, whereas the speci- 


for columns.§ The ‘recommendations. of the ‘Building Code Committee 


fications of the American. Institute of Steel Construction allow 834 per cent 


is: et 
ee One of the 5 aims of the Building, ¢ Code Committee i is to secure standar ee 
and it wor uld appear, as s Professor Turneaure also. pointe out, that 


se for 


for steel could be ‘made identical with those 


by the American Institute for Steel Construction, which ‘are also— 


in line with the recommendations of Society’s Special Committee on 


Lewis D. M. Am. 0. E.—The speaker will copfine his 


marks to stresses it in structural steel. . The Majority and Minority. Reports of 


Society's Special Committee on ‘Stresses in Structural | “Steel and 


of the American Institute: of Steel Construction have been men- 
tioned, and Dean Turneaure has. spoken of the ‘Tentative Report of the Build- 

“3 ing Code Committee of the U. 8. Department of Commerce. 
The Tentative Report of ‘the Building Committee issued in May, 


rn = _ called for a basic ‘unit working stress in tension of 16 000 db. per sq. in., 


MeClintie- _Marshall Co., Pittsburgh, Pa. 

Am. Soc. Cc. B., ‘October, 1924, Papers” 
Vice- Pies. and Contr. Mer., 
{i Proc edings, Am. Soc. C. E., | 
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the selon Tentative Report issued in 1926, raised 


tension working stress to 18000 Ib. per propesti 


‘The speaker takes this occasion to congratulate the Building ‘Code: 
mittee, on change of f view as a, ste in the right, direction. He fe feels that 


Poi gi 


the Committee might 1 have gone still further and raised this tension working ae 


oe 7 stress to 20000 Ib. per | sq. in. which is the value recommended by the Majority tot 
Se ote Report of the Society’s Special Committee on Stresses in Structural Steel. - 4 | 
‘may be well to say a word regarding this question of a change of view, 


a which after | all seems to be a matter of education. F or instance, the — 
Committee, on Steel Columns and Struts of the. Society, of which the speaker i 


= 


‘was a member and. Chairman, made. a report. in 1918, recommending a 
olumn working stress of 12 000 Ib. per sq. This report was ten- 


because the work had to be closed up somewhat hastily due to the 4 
demands of the World War. A little later a Joint ‘Conference Committee 
.¥ 
of the Society and the American Railway Engineering Association, of which 

— ‘Dean Turneaure was Chairman, agreed on 12500 lb. Per sq. in. as the maxi- _ 4 
t that time engineers were somew. at in tienes an per! aps dis urbed a 
At that ti hat influenced and perh t ihe d 


by results of tests on thick materials, ‘and it was thought well | to lean on tl +e 

conservative side. ‘Since then the y have gained ‘more confidence and 


— 


-Turneaure has stated that he would favor maximum working stress for 
5 1 000 ‘Ib. higher ‘than that recommended by’ the U. 8. 4 


. Building Code 

or 15000 Ib. per sq. in.” Captor 


he The majority of the Society’s Committee on Stresses in Structural Steel _ Ae: 


contin tare 


tr 
> “has gone still further and has recommended a maximum stress, 
“ts 


a - ¢olumns of 16 000 Ib. per sq. in., to correspond with | a tension’ stress | of 20 ae 
per sq. in. The is to endorse this stresses om 


a of the U. Ss. Department of Commerce, i in its latest 2 revision of the prospective _ vf 
5 Teport,, on working stresses, has, it is believed, taken into account most of the - an 2 
; "2 criticisms brought out in this Symposium. yd some of that Committee’s con- ae | 
clusions do not coincide altogether with those of the Engineering Profession, ae 
remembered | that conditions as they exist throughout the country 
k te must be taken into ‘account. ‘Official supervision varies considerably i in quality 7 
‘adequacy. ‘In some cases, “it is ‘perhaps not at all to be trusted.  Con- 
Tt might be held that the | logical treatment would be to permit the use. of 
the highest working stresses in materials of construction in order to give the a 4 
public the benefit of resultant economies, on. the assumption that designers are 
- ebhapendat and honest, but it is not necessarily the best method i in the interest — ae 
ublic ‘safety. The recommendations of the Committee are made with 
ample explanations to those who are formulating codes, and it is they who 
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M. ‘Aw. Soo. C. E—Pr obably lot 
tr 


SO 
n die'popilag’sidé of this question. He Heat that there is danger of inflating 
nl 


to ont to geet oF 
it stresses in America as well: as dollars. ot 
There seems t to be such a 1 prevailing optimism that it is ‘natural to t think a . 
everything i is, lovely. Bridge engineers, however, do not have to be reminded of ve ae 


state of affairs that existed a bout two dee ades ago. . At that time 


younger: bridge engineers | 


any large structure to fail, and they bitter lesson. 
‘i The speaker agrees, without any question, that in should be improved, 
be differentiated, and tha at Secondary stresses and details 


should be well worked out. All engineers believe that a nd know that it ig the 
method of scientific design. On the ‘other hand, however, ‘they should not 


an engineering ‘Utopia, ia ot heart tou ob yous aT atl 


For example, a theoretical case has been built on ‘Past behavior of 


oe on the manufacture of a good grade of steel, a 
that. go ood design will be used, and excellent “ingpestion: In all -making 


1! 
is. easily possible, “but, not all. steel construction in buildings will be 


competent. ‘Tf it were, unit stresses should go up, and no. objection. could be 


raised. To assure this still more information on the behavior of steel should _ 
; be made available, such as the behavior at the yield point, or, better, the pro- on ‘ 


portional limit. nd ‘It is necessary, to make a study of | the actual development _2h ’ 
details and erection as carried ‘through in the larger cities. 
ple who observe large buildings being erected w will conclude that engi- 


neers cannot well assume the perfect conditions that the case pre-supposes. it 
is all very well to write and state that it is. based 1 on perfect 
‘material, fine inspection, and on the integrity of every man 


i. There is said to be ‘a sure way of treating a mad dog A mol ede Latin 


formula’ will” stop” him ‘immediately when he hears only trouble 
that the dog does not understand Latin. Now it may be that the details may 
understand the designs. To speak practically, what are engineers really 


after? ‘They do not want to build structures with more material than is con- 


sidered necessary, and they want to give the public t the benefit of the saving | 
that may be obtained by raising the allowable stresses for buildings. 


3 998 Incidentally , the s teel manufacturers thereby ‘might be enabled to ‘compete 
"successfully with the builders of concrete structures. The latter, in their turn, 


2 would try to raise ‘their unit stresses so as to exceed steel in economy. Con- aNd 


- sidered from the competitive point of view the | entire attempt is founded on a 
shifting sand, because the cost of production of steel and concrete buildings is - 2 


‘on various labor and wage conditions. For instance, an increase 


} 


a 


of $1. 00 per day y for the well- organized ‘concrete union men will suffice’ to 
unbalance completely any advantage: obtained. On the other hand, a raise 


wages of the workers i in the steel mills might swing the pendulum i in the other 


by the projected increase in 


rie 


me 


economy > will be effected 
stresses: for steel buildings? The speaker has estimates 


Cons. Engr., } New York, N. 
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e total cost of the: building. Surely 


"importance. Tt will not ‘be given more attention than a variation in the 


necessary trim, th til ung of th th e. toilet rooms, or the most convenient ; flooring. 


7 es Why, then, attack the very life of the structure, its _supporting skeleton, by 


trying to make savings ‘that ‘are comparatively unimportan With m more 


owledge, with ‘better control of materials, with | mue ter 


inspection system, these savings will be effected i in due t time. 


Tt ha s been pointed « out. that Germany raised the unit | stress 
traditional 14 000 to 17 000 Ib. per sq. ‘in, » OF more. Americans should be bappy 


: ear hg that they do not need to do that. y ‘The United ‘States is is the richest country in 


world, and there is no reason ‘Americans should experience the 


economic strains that Germans are compelled to undergo. ‘They, do it, ‘because 


= > they have to do it. ‘The entire work of standardization which is being done in 


= + 


- Germany ‘and Russia is the result of their ‘poverty. ae is true that Americans: 


should not waste, but should not save where safety may be’ concerned. 
They should build well and permanently as befits their eqonomie stand- q 
“ioe ay ard, and engineers should show their - good judgment in a better way than by 

trying to ‘save (1% of the cost of a structure at the expense of its strength. 


These ‘thoughts have been expressed to help ‘illuminate the problem from 


= veg another | point of view and to attempt at least to moderate the 4 tendency : 


= M. 
USTAY | LinDENTHAL,* Am. Soo. (b Tid letter). 1e writer has 


i. held for a long time to principle that a single unit stress should be: cused 
as a basis» for dimensioning all members" in a steel bridge, vather than a a 
multiplicity of various units for various members, He also holds that. the 

eross- section of each member should be “determined. for any possible 


“nation of maximum stresses. dead load, live load, impact, wind, 


forces, and bending and s¢ secondary stresses, the total 

Maximum being divided by the basic unit stress to give the. net cross- section 


of the mem _stress is then 33% of the 
average ultimate strength of the steel, method may be illustrated by 
citing t the rules for dimensioning two honey ‘railroad bridges, the Hell Gate 


Every bridge member shall be proportioned for that combination of max- 


th in it simu usly. Bi 


Engr., North River Bridge Co., New 
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cg a. based on the cost of high buildings erected in New York City, and finds that f 
2. aa an increase of 10% in the unit stresses of steel will result in a saving of about > 94 
1 to 14% of th 
—— rth saving; but from the point of view of the realty : 
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= a ‘train behind 


tenner: for position ‘of maximum: stress, feet; 


Pe 
= + Tem np.) — 20 20% L = 


@ The unit s stress, u, for tension 3 in the Hell Gate Bridge was 24 000 Asn 
sq. in. for steel of 71 000 Ib. . average ultimate : strength, and 20 000 Ib . per sq. in. 
steel averaging 66 000 Ib. ultimate strength. 19319 


ee The writer lays particular stress ¢ on 1 the rule for impact, which is is the stress 
a 


under a auieseent load: but impact can any structure, if it 


strong enough to resist. It causes dynamic stresses, the intensity 
aie cannot be expressed in static terms, which a are the only terms used in ii 
bridge calculations. . The writer’ s impact formula i is empirical, but scientifically a 


: derived* a as near as may be from the well-known experience: with the effect of. oe) 


on 


lated from ‘the bending formula) less than one- -fourth the ultimate. 


strength, these parts do not last long. — Tf the fiber stress is decreased to one- al 


_ eighth they will last longer; and if from on art ninth to one- -tent h of the ultimate, | 


under shock eannot be deduced by any a of analysis, but 


communicated, ‘of course, the ‘bride which carries the The 


_ formula i is designed to follow that shock to each member and to proportion its 


cross-section accordingly. ~ It applies rationally to any length of span from 3 to oy 


3000 ft., or more, The whole calculation is simplified | on a basis as near to 
actual conditions as can practically be defined. _ The usual formula | for impact 
BEAT) 
in railroad bridges provides, in the writer judgment, and observation, not 


enough steel i in the. floor construction and too. much in the chords ; that is, a 


certain amount. of steel is in the wrong place. Long- -span railroad bridges = 


to. ‘the usual specifications require, therefore, more ‘steel than 


eed be. It is practice to. proportion such important bridges: for the 


pee maximum locomotive and car ‘Tonds—using, however, for such check | 
calculations a fiber stress of 45% of the ultimate s strength. agysiled sotitw ef 


11.9 


O. Srracan, + M. Am. Soo. C. EL (by letter). ¢—The Final Report 


of the Special Committee on Stresses in Structural Steelg has brought —— hi 


j Received by the Becretary, October 6, 1926. 


shock on car and locomotive axles and rails. When the fiber stress (as —_— 7 
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e attention of the profession the. matter of revising, with due 1 regard 

to known facts, currently accepted practice regarding allowable unit ‘stresses. 


‘ ‘The data cited in the report ‘show clearly that. ‘i in presuming on a high degree ~ 
of. uniformity in physical qualities’ o of the. material as tolled. to - specifications, 


and an average strength warranting higher: unit stresses than those hereto- 
fore accepted, engineers are fully justified. = 4 


‘The Committee i is careful, how vever, to include i in its recommendation, ae 


condition “that the design i is made by one competent to judge para 


and correctly, the loads to be carried and the service to be performed * a 


Engineering “may be | defined broadly ingenuity of the highest type, 


in the light of scientific knowledge, toward producing or -perfecting 
“some ‘tangible form. of aid to man’s happiness or convenience. Bearing 
also that in practical. affairs the consideration of first cost, upkeep, 
x 


‘and “renewal enters, it. becomes evident the 
down by the Committee is of the very essence of. its report. ssl sation oAT 
The. practice of “modifying loading requirements, ‘assumptions 
ing the mode. of application of ‘loads,. specified effect of ‘impact, and ‘other 
factors. proceeds from a proper conception of the engineer’s true. function. 
Ebrpongh, these > modifications, i. unit stresses differing from. the.‘ “basic”. “may in 
effect be used, and such practice constitutes an important means! of applying 


is not to | be expected that the adoption of. the recommended increases 


ns of. experience. “ff ad VAL TRI, *horisoh 
FR 


in working ‘stresses will, lead to a ‘proportionate decrease. in the weight of 


“steel structures; for, in specifying loads, the designer. will continue to. use 
“his expert knowledge of basic requirements, to the end that. his’ critical judg- 4 


a shall be satisfied with the completed ¢ construction, ¢ and that the use of . 
“excessive. or misapplied mathematics” characterized George Swain, 


Am. Soc. 0. as. the. moses ing may 


try 
be: to make possible balance, of design 


‘the. extension | of the > field by the, engineer’s s judgment. ts 


8. Warrvey,* AM. Soo. 0. (by letter). f—The 


lieves that in determining abr unit stresses for structural materials the matter — 


ery t 


of building code enforcement and competency of designers should be left out x 
a consideration. _ The ignorance e of unskilled designers should ‘not be allowed tte 


tor prevent the efficient: use of materials by competent designers. “The custom 


pecifying: low unit” stresses in building codes, ‘because incompetent ‘de- 


ourages poor design and is dangerous. The 
unit: “stresses specified i in municipal building codes cover a wide 


be rer lu Fas 


the writer believes that there is no ‘relation between ‘the number of failures 


in the ‘different, . cities. and: the intensities of; stress allowed. in, their. codes. 
Collapses ar are due to gross, errors in design or construction, 


There is another er common type of failure i in service resulting in cracking» 


disintegrating o of the which caused by. the use of 
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variety of 


"siderably character of the structure service for which it is 


designed. - This fact makes any general, specification of allowable working stress 
‘unsatisfactory i in its application to many particular cases. tit in 


‘The recently 1 recommended increase in working stress for steel structures” 


deformation of the steelwork is “superficial and does not endanger the safety 


the structure. It is, of course, important in. a building that the proportions 7 


the steel alone i is’ carrying. the load ‘and any cracking of the ‘coating due to 


wiiste 


n masonry “and “but that need not ‘prevent ‘the se. of 
nit stresses in structural stele 


-ho In a reinforced concrete structure, high unit stresses in ‘the steel will cause 
-eracking of the concrete which seriously endangers the safety ‘and integrity 
... the structure. | These cracks ‘must be accompanied by the slipping of rein- 
forcing bars permitting the entrance of moisture and» the disintegration of the 
-conerete and steel. ‘This actio n is _augmented by. the ‘shrinkage: which occurs 
concreté after setting, increasing the cracking and deflection of 
beams. The writer noted several cases where the shrinkage ‘of 
shallow beams, ‘otherwise ‘properly designed, has 
deflection and cracking of masonry walls or plastered “partitions 


period of two or three years after the completion of the building. © Cane At 


Arguments have been put forward that the ‘actual stress in steel 


m™m ent is less than the computed d stress and that many structures in satisfactory — 
ser tvi¢e were designed with high unit stresses. ThE effect of the tension n in t the 
eoncrete reducing the steel stress decreases as the ‘ultimate. strength i 


= approached and it therefore does not materially i increase the margin of or Bee 


Te does! help to reduce the cracking of the concrete under working loads. 


sicwvT 
u 


Me Tt has been found that visible cracks occur = concrete beams when the ae 
computed stress reaches 7000 of 8000 Ib. per sq. in. The writer has in’ mind 

two teinforced concrete structures in ‘which beams were badly | cracked. ‘He 

found that these beams were not properly designed for the loading specified 3 in 

ial the building ‘vode, but ‘that they had ‘never been submitted to “any load aera 
would produce a computed stress in the steel greater than 18 000 to 21000 tb. 

per sq. in. of the load in these eases was permanent dead weight. 

would appear, therefore, that those concrete st structutes which are designed for 

‘stresses actually may not have been stibjected to the desi "los ids or 


"that they been ‘overed so that the cracking is not apparent. 


he allowable stresses | for concrete structures should be ined 
these’ considerations in mind. ~The cracking’ of concrete ‘under its design load 


should not be excessive. | Oracking is more serious in exposed structures than in 
enelosed buildings. It ‘also seen’ advisable to use a a lower stress 
the proportion of permanent, loa dish igh than when ‘it ‘slow. ith ah igh ik 


ermanent stress in beams, ay stic low. of the fonectate, together 
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By Messrs. ‘Kart R. Kennison, PA Bearry, R. W. GAUSMANN, AND arth i 


Kar R. _ KENNISON + M.A Am. Soo. C. E. (by letter).t—Although the author — 


called attention to the necessity of considering uplift, in the bed- rock 
— itself as well as in the masonry, this necessity is not caliclanite, emphasized. a 


The importance oi this point Ba be stressed because a tendency has. often 


noted i in such. designs to assume that could be climinated 


oie In analyzing the stresses in a dam the writer has waheyneie ll 
rai ‘distinction between t the masonry and the bed- neck, but has always seen, to it 
te es that the lines of pressure could be safely carried well into the bed-rock. : Hay: 


this | in amind, the, proper. distribution of dead weight is required ‘above 


. any plane in _ the bed- rock, as. well as above any similar. plane through , the a 


“masonry, and on that account. it would be difficult. to. save as much, yardage 
of masonry “the : author because the weight is needed on the 
The writer does not recall any failure of concrete gravity dam’ 


turning on a plane well up within the masonry itself. the other hand, 


such, dams | overturn on, foundations or even on. ‘a plane below 


wholesale ‘uplift, and. overturn. is, concerned, than the bed- -rock. itself, which 


is s seldom (if ever) a dense homogeneous mass. Ract bin WE” 
However, even if the cost of the “up-stream. water-proofing can- 
not be saved in reduced yardage of masonry, it is, of cour », very desirable 


secure this | water- tightness « at the up-stream face, particularly. to prevent 
slight seer seepages which can prove very unsightly without endangering stability 
Fy 


and which in freezing weather « can up the full : reservoir head and 


* This paper by W. Watters M. Am. . E., 
October, 1926, and presented at the meeting of ‘3, 1926 ), is 


Designing Ener., pdf Dist. Water Supply Comm., Boston, Mass. 
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the dam by various familiar methods, el 


P, A. Bearty,* M. Soo. 0. E. oy letter) In the Loch h Raven Dam 
“be the Baltimore, Ma., water supply, on the Gunpowder River, designed, in 
‘and constructed under the supervision of: the writer, a drainage | 


was installed to eliminate: uplift. to od ir 


~ 
~ 


> 


in 50-ft. sections, thus giving expansion somata at 50- ft. intervals along th 
axis of the dam. carefully’ constructed facing of 1: 72: 4. concrete, ‘erected 


8- ft. :vertical lifts, ‘extended from the bottom of the cut- -off ‘trench, to 
fox 4 
spillway crest, the sections being keyed at the. expansion joints by two. deep 


keyways with asphalt painted | faces, and thoroughly bonded with the backing, 


which consisted of 1: 23:6. concrete containing about 25%, of pudding stone 
in sizes ‘up tolcu. yd., and also in 8-ft, lifts. On the line of the 


2 expansion joints, at the junction of the facing and backing, vertical shafts, 
in. square, extending. from. the first horizontal joint above the Tock line 
‘Be & ‘to 8 ft. below the crest, were drained to. the down- stream face of the dam. . 


From shaft to shaft. was cast, a groove, 14 in. wide and 7 in. deep, ateach 
4 horizontal construction and in this laid concrete blocks, 


| 


opening, forming a free between the shafts, being that 
water ‘seeping along the construction joints, would find | and f follow this line 
s: of least, resistance to. the shafts, , that coming through the 2 expansion joints , fol- 


lowing directly | to the shaft, thus making impossible the building up of ‘press =" 
sure within the structure of the dam. Drainage was provided also. at the 


rock line to Antercept any flow passing beneath the cut -off wall. 


writer has no knowledge of the use of a water- -proof metallic 
‘brane in connection ‘with any but rock- fill dam but. the saving in concrete 
out Mr. Pagon. will undoubte ly lirect further attention to this 
mode of “construction. Practical consideration of f the matter suggests he 


“What danger “might result. from” the difference in _the coefficient of ex- 
pansion | etween the concrete and the metal used 
Bhi _ What would be the result of very small leaks in this membrane _con- oe 


sidering the ‘numerous ties required to bond the two is, the 


‘backing and’ the protective coating,. “and: the ‘danger of perforation during 


_.¢-\Im case the pool, dropped, exposing a considerable area of the dam dur 


ing very, cold ‘weather, what effects might be expected from successive freez 


ings, recognizing the tendency ‘of moisture to retire before cold, ‘through a 


oa 
QaUSMANN,t M. “Am. Soc (by letter). §—The author presents 

an interesting» “solution of the problem of dam design. It is. gen- 


$ Hydr. Engr., Ulen & Co., Athens, Greece. 

Receives the Secretary, 4, 1926. 
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ON WATEE- PROOF MASONRY paMs 
that if water can. ‘be prevented: from entering the: up- 


face of a a gravity dam no provision need be made for ‘uplift pressure: ‘The 


sign would this result a mem- 


"accomplished, the: saving is as great as: 


been estimated by the author. beyed od ettoit: odd | 


speaking, masonry dams are not the same height throughout 
hele length, in fact, the maximum ‘height extends: only for a short part 
of the length. This is particularly true of high masonry dams, therefore, 


“g the assumed saving should not be computed by ‘multiplying ‘the maximum 
section by the length as has been done by’ the author, but should be deter- 


A typical dam was computed ‘the’ author's grap and costs and a an 


 @etual profile across a va ition no allowance wes made 
or foundations. ‘The d with a membrane, s howed a  sav- 
ing of 6. 0%, whereas the ‘author’s method shows an apparent saving 12, 
cent. A rough ‘computation of the probable cost of a lead thembrazie 


‘from. 6.0% to 


—(eotisidered to ‘be the : most satisfactory) reduced the saving 


t be pears a part of ‘the structure proper unless a muc greater num- 
ber ‘of ties was used than is indicated on Fig. 38; it should rather be consid- 


ms ered as a veneer or protection ‘for the membrane. If this is the case then 


ryt 


ee dam must be widened by the thickness of this protective masonry, a 


pic 
‘this eae width will ‘reduce the ‘savin to. almost nothing. 


by some unforeseen contingency or 
‘if, due to faulty workmanship or ‘poor material, it ‘should not be : 


-tight, “there i is no provision in the desi ign to care for the uplift which is 


LF. M. Aa. Soe. 0. E.. (by letter) the three foatares 
s the least 

or -uneertain, At Berea, Ohio, there i is a deep sandstone quarry. 
the fall, massive blocks, 2. cu. yd, or more in size, may be taken from the 
bottom of the quarry, shipped hundreds..of. miles, ‘and properly set ashlar 
masonry. Then after, the first freeze each block will be found neatly divided 

Be om a horizontal plane. | This fs fact is mentioned to show that under pressure 
great depths and in ‘Tonge periods of geologic. time. the sandstone becomes 
a saturated with water much more thoroughly than it ‘would ever be near the 


* Proceedings, Am. Soc. C. E., October, 1926, Papers, and. ‘Discussions, 
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The quarrymen ‘know, that the o from the bottom of 


7 


Now imagine dam of a any reasonable cross: carved out of like 
saturated . sandstone, free. _from_ er OF ams bu subje water, pres- 
sure throughout. The conditions or. promoting upli ft wou t be! ideal 
“perfect. Pass a horizontal plane throa¢h such a dam ‘at any elevation and 
the uplift necessary for a change i in position ' would be measured approximately _ 


by the weight of that part of the dam above the plane plus | the cohesive 
strength of the sandstone. ‘The resistance to uplift would be definite and 
well co-o1 -ordinated, like the: weight. and | wind stresses in an anchorage. 
te 2, or eyclopean or r other ms masonry, for the natural rock an 
although saturation might not be so perfect the tensile strength of th 
material as a mass woul Id become an essential if not: a controlling factor, 
“3 ~The point is ‘that ‘uplift is a variable. Bad ‘construction, great) ‘uplift; 
uplift! This’ applies to foundations and anchorage 
i well. The Austin ‘(Tex:) Dam gave way after a 5-in. rainfall and when 
At that time the vertical dif- 


ference in “elevation the below and above the dam: was doubt- 


less: Jess than ‘it had been before. That vertical distance was the measure. of 
the uplift: due to. pressure ‘and wa as also less. than before. ‘The high weiter 
lessened the weight: of the dam and jits force moved a part of the structure 


. Back-water at a flood stage of any river, even the Niagara, is notideable. : 


n a Kansas river a dam 12 ft. high could not be located by the “appearance © 


of the the ‘water directly above it during a flood stage. 
low and high water was about 82 ft. Under. ‘those com 4 
ditions there Was no uplift. ‘ead 290 alt to ‘990 


od bos to abia ‘Silt uo od blyow dite ‘oift 
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‘THE DESIGN, AND 4 
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Ban, A. SMALL ‘SEWAGE DISPOSAL 


A H. L. Assoc. M, Am. Soo. C.. 


to digasile ollens os od tou 

THACKWELL,+ Assoc. M. Am. Soo. O. E. (by letter). ¢—This plant is 
By typical of many similar layouts in Texas, with 1 the exception that the | topog- 

of Texas is generally ‘such that, little head is available. for a gravity 
 —plant. Consequently, sewage disposal plants along the bottom-lands, at the 
of. streams, are usually protected by levees; and gravity drainage 
during high water is impossible. ad 193 ew goitevels ai @ 


beds. has been in a crude way in Texas by 
a rubber plunger below the Y-or T-connection in the sludge pipe and cutting = 
riser sludge pipe below the surface of the sewage. When the sludge 
outlet valve is opened, the surface scum ¢ can be washed into the riser pipe and . 
+ out into the sludge discharge pipe. _ Chester Cohen, . Assistant Sanitary Engi- 
 neer of the State Department of Texas, | has proved that the use of chlorine rs 
the: influent of the Imhoff tank at ‘Lufkin, ‘designed by the writer, , is a 


slab would be on side of There is relationship 
tween sludge ar area, transition area, and gas-vent area. ‘These areas, , if ty 


portioned correctly, will control the shape of outside walls. Fine screens 


placed front of the effluent pipe are frequently required where bafiles 0 or 


> seeds, ‘matches, grease balls, ‘ete, which tend to plug the trickling filter nozzles. 


at Electra, Tex., the operator spends a considerable part of each day aking 


balls of chewing gum out of the sprinkler nozzle. _ The chlorination of sewage 


flowing through t the 1 tank, 


In regard to the trickling filter it would seem 


much better distribution of flow y could have | been obtained by building | a central — hg 
© This discussion (of the paper by Franklin Hudson, Jr., Jun. Am. Soc. C. E., published 

in October, 1926, Proceedings, but not presented at any meeting of the Society), is printed 

in Proceedings in order that the views expressed may be brought before all members for 

Cons. ard Const. Engr., Rusk, Tex. 


by ‘aid October 13, 
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ported on a ‘trestle. ‘The losses of head then would have been more perfectly. 


{2 


distributed and the dosing tank could have been hopper-shaped withot ut’ inter- 
fering with the spray from m the nozzles. The floor of the “tank, if 68° ridge 


and valley construction; with a ‘difference of about 10 ft. between rage ‘and 
_ valley (the valley being covered with a hegetsteag split tits). would take care 
the under- diatii more economica ly iles covering ‘the entire “floor 
e settling basin, or humus tank, is coming into more 
boo use e in connection rith trickling filters. The sludge from, this tank, 


4 unless absolutely stable, should be e returned to the primary, 
tank rather than directly. to the sludge beds. ‘Tt is ‘to be ‘regretted, that 


to include any of the standard tests. familiar to all 


with such work.. Without | such, tests,- nothing ean be 


.d, or as to the 


plant efficiency for reduction of suspended matter and The idea of 


having an incinerator ‘adjoining ‘the screen chamber is a one, and is 


in only a few plants i in (Texas, The. is to be commended i ‘thet 


_ his plant seems to be of ample size, , and ‘ha C ery well for some. years to 


populat ion of 30 31°) “ ny {} s¥ °F it vow 
The writer’s experience as to the efficiency of trickling filters when capital- — 


is ized against their cost, is that they ar are not worth the money. _ Among the 


“several outstanding features against the use of ‘trickling filters _may, be 


—_The large area. required for filtration space; 
—The. high initial cost raw Yo 
—The odors emanating - from the ‘sewage sprays; 
1—The flora and fauna having the trickling filter as their habitat; and i 
—The periodical sloughing | of part tly oxidized matter that ‘ha 8 to be 
taken care of, either in humus tanks or by 


a the interest on the : investment ir ina trickling filter were re used i in analyzing — 
the operating cost, in comparison with that of the bio- oration type, the = 


balance would be in favor of bio- eration, even when power charges are as high fi : 


rer 


of plant to “small ‘that, do ‘not “otherwise employ. a 


regular operato is far better policy to use a ¢ certain amount of machinery 


_ or mechanical « equipment that requires the attendance of an n operator at least 


e art of each da * , than to build a t of plant that (the municipality ma ing 


aaa The writer has recently. ‘designed and constructed a plant of 65 000 ¢ 
capacity, providing (1) a grit chamber and coarse racks, with an adjoining 

pH incinerator for screenings; ; (2) a primary sedimentation tank with a 1 removable 
Monel “metal. ‘coarse -sereen; a secondary sedimentation tank with an 


adjustable Monel metal fine | screen ; Res irrigation for the effluent with a 


be 
We 
| 
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and. dilution in the. stream with p provision. for chlorination if 
dhe sludge, from the primary and» secondary tanks, which to be 


a ee with lime as a coagulant, will be pumped into a separate sludge diges 


tion chamber having a gas-proof | cover and insulated : side- -walls and dome, from 


the gas is drawn off and burned under a water- heater. The hot. ‘water 


ds. then circulated by means, of copper tubing back through the interior ‘of the 


sludge chamber, which treatment, in furn, causes more gas be. ormed by 
its. temperature. cycle i thus repeated. ‘The digester and heater 


are regulated by. an automatic thermostat and temperature recording devices: @ 


with gas traps, pressure regulator devices, an ‘air inlet, and 
blow-off va ves, a 


is dried on a sand bed with ‘a standard ‘ “glass- 
construction, the: dried. sludge being removed in dum mp car cars on an ‘industrial aa 


45° ivr or tty Tanti 


Pe trac € primary tank, pump and heater chamber, and digestion tank are a 


in brick buildings. The ‘secondary. ‘tank is tinowated by a concre e 
q 


: érgola, supporting brass pulleys which are used in hoisting the screens. The — 
is tank i s bordered with ornamental tile walks and has the appearance of a formal oe 


evergreen vines ‘is a 


bridges and “water pipe nd q 

constructing fee, was s $10 000. has "yet. been started (October, 
1926), since to date only few connections to the “sewer | “system: have been 


made, This odorless type plant was deemed. necessary since ‘the site is is 


q 
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4 
q 


Tewece 


close to. the local college grounds, the boys’ dormitory being ‘only 


By 
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i Be. _ tected with a Page non-climbable fence. Water at 4 

ee oe _is provided for the use of the operator in cleaning the tanks and irrigating —__ 
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TOWN PLANNIN G AND ITS RELATIONS TO 


ION INVOLVED _ 


bed 
ha 


i It is the. discussion ‘of the difficulties found in special cases of this kind) that 


gives.a conception, of the methods for treating. these problems under ordinary 


conditions. Similarly, useful. would have been some indication of rents or 


costs in. elation to turnover, because the value of Mariemont as an object 


1 of development, is in in proportion as it. demonstrates. it ean be 


* "The ¢ city, planner and the engineer have an obligation. to society to. show 


. whereas what they carry out. is more beautiful and more idealistic, it 
% is in. its) application, elsewhere, more profitable from a financial point 


There is a query on one point mentioned by Mr. Nolen. What is. wrong 


with the modern. city ¢ It is not that it is too big but that it is wrongly 
wrongly developed. dt is no worse to live in. the crowded: dis- 


tricts of Manhattan or of London with their. congested streets than in the ee 


tenements in a small city, ¢ or village. What i is wrong: is’ not” 


Garden City could be repeated a thousand: ‘times where’ 
was. ample space and ample opportunity for light and air, there would be 
“need to. the size of the area that would be covered by a group 


pra’ The speaker envies Mr. Nolen and his associates i in the. oppértunity pres ot 


‘sented by this plan; the more so because one or two! of his failures! have 
been exactly in cases of this kind. No “effort was spared 1 to make a plan : 
that seemed satisfactory and that at would be the occasion ¢ of considerable. satis- 


faction; and yet, owing to the wrong architect being employed or to some ey 

form of bad management, was anything but. a success. . The necessity 
for collaboration between landscape architect, the architect, and the 


Sometimes the controlling “Management, in the interests of false econ- 


has destroyed the opportunity to make a success. For instance, the busi- 


* Discussion of the paper by John Nolen, continued from November, 1926, Pr 


Me Gen. Director of Plans and Surveys, Regional ‘Plan of New York and its Environs, Ne 
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the vendor 


organizations, dovetailing together, working with 


a final, arbitrator in case, of differences; but there should be no subordination = 


the’ ‘technical expert, in matters of of design, 


As to the plan—no ne in ‘a. position to make criticisms 
a plan unless he has ‘gone t through + the same experience and obtained the 


‘same knowledge of the site as the man who has made the plan. There can 


-be o only congratulations s for Mr. ‘Nolen, not only on the opportunity he ha 
had at Mariemont, but on, the apparent technical perfection of his work. - ey 


All agree as to the desirability for more , collaboration | between the 


architect, the engineer, and the arc architect. How can an this be 
about?» The “meeting at which this paper ‘was presented, held under 


auspices | of the American’ City Planning Institute in collaboration ‘with 
City” Planning Division of the ‘Society. There also exist a group of 
Ames Architects who are interested in something that 


is ‘different in name but really is the same thing— “community planning.’ 
effort shot uld be made’ to bring about ‘the needed ollaboration. 


of that! Constitution is this: A ras may be a full member oft ‘the British — 

- Tomit Planning Institute if he is a full member of the Institution of we 
29 

tects, s, the Institution of Civil Engineers, r the Surveyor’s Institution; or 


he may be a 1 legal member if he is a a qualified lawyer. _ However, he must 
havea degree ix in one of these four etanderd professions before he can be a 


miember of the City Planning’ Institute. This” is the general rule—but ‘Pro- 


vision is made for ‘election of distinguished. x a 
tions, other than membership of the four basic Institutes or Societies: 


American City Planning Institute should be re- organized and ‘devel- 


¥ oped! ona a strictly professional basis, ‘with due regard to ‘bringing in the 


architect, the engineer, the lar ndscape architect, ‘the “lawyer, “and, on a few 
exceptional oecasions, the sociologist and others who are “especially inter- 


crt 


ested: and who have already gained a certain. standing. There are 


deal with them: he be better equipped with ‘technical knowledge 


ofc to noize" 990 gift od blurow bas ted 

antes of 10 hay pitied of gaiwo bas fon 
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Bs awaiting the city planner in the future than in the past, but i order a 
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GARBAGE DISPOSAL 


“HARRIson P. M. Am. Soo. E.— —The statement with 


the “general: application of a single process to different conditions ‘is very 
iy Pm sound. It must be self- evident that the conditions in the > different municipali- 


t 
ies va eatl Ih his paper Mr. -Greele resented a _ summarized state- 


ment of the general conditions and methods of procedure, which establishes, 
perhaps for the first time, a basis starting point for the consideration. 


garbage “disposal. that will ‘be great ‘value to cities confronted _ by this 


; ne point in particular in his paper is of especial importance—the question 
of “opera ation. As in many municipal ‘undertakings, it is easy 
- to secure the capital allowance for construction, but it is exceedingly difficult 


to obtain’ ‘the funds for efficient operation. Included in ‘that ‘should ‘be’ 
‘matter of general upkeep and maintenance. 


is possible, with an inferior plant, dug secure relatively good results 


there is ‘intelligent and efficient operation. Proper operation’ is probably the 
weakest point in the garbage and refuse mibbaad problem with which munici- 
- palities are confronted. The same problem is encountered in the matter of 


sewage disposal. Plants are built ‘and then the funds for ‘their proper main- 


- One who is familiar with the plant at Rochester, N. Y., will recognize t he a? 
soundness” of that statement. . After had been in. operation’ for’ ré- 


latively @ a few years (perhaps re more t n five), | that id? whied Mr. Léwis first 
went there, it was almost on the point being shut’ down because’ it ‘could 


G 


not be operated. That was largely | due to lack 0: of reasonable upkeep, of reason- 
able care, and « of replacement of | parts that were not functioning as they should. 
Visiting that plant a year later one would hardly recognize it because of 
he > Tepairs ‘that had been made and the’ efficiency that had been obtainéd in 

. ‘That accounts rae large measure, for the high’ maintenance’ cost 
in 1994 ‘(about $40 000 or $60 000 for repairs), whereas during 1925 this‘ had 


been reduced to about 000. Ste Git tdyis 


Cons. Engr. (Metcalf & Eddy), Boston, Mass. 
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DISPOSAL 
a _ The same is true isposal. Within two years com 
plaints have been 1 regis hog-feeding plant in M ac 
The State Department of Health had the ‘matter under investigation. Ther 


indications | that, the plant. would have to be shut ‘down, but by careful 


operation it has been continued and apparently it is 
as the complaints have ceased. JIZOIUMY A. 


_ Similarly, with incineration, if the peat is not reasonably well operated, 


unsatisfactory results: are certain to be obtained. is possible that the matter 


“and i intricate plant, ‘such : as as that d described d by M Mr. Lewis, than i in of the 


As a rule, incineration plants handle mixed refuse of ‘rubbish 


and garbage, rather than garbage alone. Misunderstanding of this fact might 


lead to a little confusion a consideration of the several papers: 


+. 
‘Trius M. “Aw. oc. O. E.—There is a great deal i in the ‘Symposium 
oa. ‘hat is worthy. of discyssion. . One point made by Mr. Greeley i in par 


# practical] one that. engineers who have such municipal problems i in hand are 


i 


ee _, This ig how it is usually ati An enterprising representative of : 


_— Saznace will get. the ear of an official oadl tell him that i in such and such a place a 


there i is a) very fine plant. The ne? xt step isa expedition of i inexpe- 
bbe rienced my men, who go to see it. _ The qualit ty of the cigars is fine, the sandwiches, — 
a the salad—everything i is s excellent, The agent. who puts up the best exhibit 


ef; this. sort, wins. for his « company. After their virtual decision, the officials 
a in an engineer. If he is in accord with their determination he is just the 
finest fellow on earth, and the type of plant is adopted; if not, well the veil y 


‘can be drawn. - There i is a great deal more of truth than fun in this method — 


and practice: there, is no of enlarging upon it. 


All engineers have experienced such mismanagement. It makes little differ 


bow perfect, the firet send-off and excitement are is goné. 
- Operators will not give the plant the proper attention; it deteriorates, some- __ 
_ thing .happens. — If there i is. intelligent official management, it is put | in shape 


before it gets out of control, such ‘management is lacking, it goe 


8 eight miles ‘away, the great. at times that it was 


mecessary. to close the windows. fo go 
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again, scow after scow- - 15: even to: 20 in number—lay at. the 


wharf for days with garbage; sometimes even a week: old or more on arrivals 


rotting, filthy stuff, which, although it it’ ‘smelled td heaven”, the 


The tankage building was not big enougii’ to'hold the cooked garbage, and, 


"therefore; it’ was piled’ ‘on the ground to take the rains and the sun, and give 


generously of its caramel odors. “That is why’ the ‘great: plant | broke 


accumulated ‘mismanagement, ‘and (plinned! ‘with too’ ‘much ‘optimism as to 


Extensive operating were due to the lack o ability. to 


ae However, with proper construction, and pati agli such a 
¥ "plant might have succeeded, as that at Detroit, Mich., has apparently suc- 


oceded,, and ‘as that/at Rochester is ‘suceecding: 


J ACKSON,* M. Am. Soo. E hese papers cover the field of garbage 

isposal from almost every angle, ‘but some minor matters were not, brought — 


In there are only ‘two. refuse disposal plants, one a 
lant and one a destruction plant. In the n majority ¢ of cases gar age is sepa-— 


rated from. refuse, most of the garbage i is fed to the hogs, and 1 the refuse-is 
for filling. One» town uses a sanitary fill, The cost ranges” from. $0. 14 
to, $1.56. per. capita per year, -which, shows the variation in methods of 

collection and disposal, Tn, many, instances the hog are located in a 


different ‘political, ‘subdivision, from, that in. the, garbage is collected, 


and, the is done ‘contract, . Where. it. is. done by. private con- ty 
~ tractors supervision ceases at the boundary line of the municipality, Few hog eS 


2, 


5 


_ farms are,condueted on a sanitary basis, and complaints are numerous nd 
Consequently, the administration ‘dation of. the State ‘Departmen 


Tt will be recalled that when | contro] and regulation, of the production, of 


VINE 4 


into the cities. ‘Afterward, throu ton of of commu 


Likewise, the. supervision of f municipal . departments, haying in charge. 
collection and disposal, of garbage, could well be extended to include farms. on 


which it. used. is true t that in) some cases. 1 this. done, but only ina 
perfunctory m manner. ool a few municipal farms the, arrangements for feeding z 


the garbage to hogs are modern, ,_and the sanitary conditions are satisfactory. 


dithe plant many, times; observing _receptacles, with. broken 
g glasses, so that. whe fi 
n the steam was turned on, the vapors naturall 
ful 
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ETT ON AGE DISPOSAL 
lying limits of the they: are 
otherwise and, at many, they are deplorable. In investigating slaughter. ‘houses 
‘in Connecticut c conditions were found that ‘were ‘positively shocking. This: is 


a phase which, although 1 minor, is very important as. regards sanitation... 
adi Another analogous feature in the e disposal of garbage and the ‘production 


“a milk i is the ec container. af Iti is s only in quite recent times that attention has 
- been. paid to the milk bottle, its cleaning and capping; but to- day. this is rate: 
an important sanitary feature of milk production. hy: jou 
“ Practically every one at one time or another has revolted. at. the ¢ disgusting 


condition of the ordinary, garbage can. A few favored ones have escaped it 
installing house incinerators _and testify. eloquently + to this improvement. 
vag ee a Some time must elapse before these | will be. made a part of the permanent 


fixtures of a house, “but with the trend toward permanent installation of 


washing machines, refrigeration, ete., the incinerator’s place i in building jeon- 


struction can be seen in the not distant future. In the meantime much 1 


: provement can be made i in the control of collection and disposal, 4 = 


esign and location f 

q 


Bassern,* M. Aw. “Boo: 0. E. (by letter) 4+—Previous 1999, 
the Village of Scarsdale, like. “many, other residential suburban com- 


munities, was dependent | on private contractors for. the collection and dis- 

posal of its municipal wastes. ‘This service at that. time_ was handled 


about a dozen individual | contractors, ‘some of their ir collec: 


about. to $10 per 3 month. Moreover, a considerable part of the “popula tion 
a of that village was not furnished with this service so essential in communities: 
_ changing from rural to urban characteristics. oat) 
“us... 
Recognizing the need for unified service in this ; matter, under suitable 
control, committee of the “Villas ge Board ‘working | with Mr. “Boniface, the 
Village Engineer, made an extensive study of the problem of waste | collec- 


| wh A+. fy 


“Ss tion and disposal for residential communities, and as a result of this bea, ee 
a collection force was organized, suitable equipment purchased, and the con- 


hed 


struction of a ‘Becearri garbage disposal ‘Plant “was authorized. . There ‘were 


at 


sound reasons for selecting this type of | plant. ‘simplicity, low cost of 


operation and maintenance, adaptability for ‘extension through the construc- 

e thon of a additional units, and ‘apparent freedom from nuisance of any kind ie 

resulting from operation “seemed. to indicate its” suitability for 

: By. ditions attending the operation of the } plant ave ‘not fulfilled expect 

tions in so nuisance, by objectionable | odors, 
concerned. As “pointed out by Mr. Boniface, after ‘the nitrifying has 
deen | completed, ‘and the material in the cells has been made ready for - removal, 

_ the discharge of the cells is accompanied b y highly obnoxious odors, More- 
‘over, the material the cell has a high 80 
-pacte as to be difficult to handle. Apparently, the obnoxious odo rs are due. 


Cons. ‘Enegr., New York Bureau of Municipal ‘Research, New York, N. 


: oS to garbage alone, and the cost to the individual householder ranged rom 
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a operation, can be there grave, doubt as to the ‘applicability of 
the Beccarri system o of disposal, at least i in ite present form, to meet American 


te 


_ The reasons for this are ‘not hard to find. The quality and characteristics _ 


| produced by communities ‘in “the e ‘United States differ materially 

rom those found in Italian cities, in which the Beccari system | is at present 


arco operation. American garbage is high in grease, animal fats, — 


ure; that ‘produced i in Italian cities is ‘decidedly low i in these quali- : 


icularly n its moisture content. i is due, in part, to the sal- 


methods" used in Ttaly in handling garbage before it. is introduced 
into. the cell. _ Moreover, it is stated that at the Ttalian plants the material th 7 


. 3) removed from the ‘cell is dry, “dark in color, and of about ‘the consist- 


 ency of humus or leaf- mould. It would not appear probable that the richness 
and greases of the: garbage produced by “American, cities would have ye Bie 


in fats 
any | unfavorable influence i in the operation of the ‘nitrifying process. ih: ‘fact, ie ihe 


it is believed the contrary might Prove oer appears 


f the 


he. in ‘the “construction other. 


plants, but. it i that the main feature required for successful opera: 


tion of this is effect a substantial reduction in the moistur con- 
tent of the garbage before the latter is placed in the cell. 
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houses the gases incidental to fermentation by the 
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THE NEW YORK STATE BARGE CANAL 


W. W Ast: Soc. ©. The increase in traffic on ‘thie 


‘Gai one te decit ial 
an 


‘Barge since its opening is not generally understood. In 1918 the Canal 
ed on ‘its present line but ‘not to ‘full dimensions. It was not q 
1919, therefore, that the Canal can properly be said to have ‘beer fully opened. 
Tn the ‘of existence, , 1918, the tonnage was ‘approximately 

1 160 000 ; ; in 1926, “it was 2 344 000, an incréasé of 100% in years 


‘fabeattg year since "4918 has been about 10.65%, and te at least equal to the ie 


average rate of growth of similar watery.” annual rate of 


growth of traffic on the. _waterways of the State was only about in the 


early ‘Thirties, when { the ‘total tohnage was about equal ‘to what it’ is now on # 


ai 


Barge Canal. the factor of 10% be applied progréssively to the tr: fife’ of 
1925 for e estimating the tonnage of the - present and succeeding 
found that the Canal will carry its ‘nominal capacity of 20 000 000 tons per 


_ year in | about 1948. The word “nomjnal” “is used because nobody knows how 


the Canal can carry ; but. the Erie, and Cayuga- Seneca ‘Divi- 
sions certainly can carr 


One of the main commodity items, which the Canal ighwage has carried and © 


probably always will carry, is grain. Tn 1925 grain formed about 40% of the 

- total traffic. | Tt is said in certain « quarters that the export able qi quantity of 

grain is bound ¢ to fall off so that in a few years there will be 1 ‘no grain to 


| 
| 


export. Such a a conclusion is exceedingly questionable. malt The per capita” pro- 


duction of wheat in the United States and Canada combined was about 7h 
bushels. per annum twenty- -five years ago. day, it is about: 10 bushels. 


In the last forty. years the total production of wheat in the ‘two countries has _ 


‘sa ‘increased 50% faster than the population, and the wheat fields are still being 
pushed nearer ‘the. Arctic Circle. There is good reason for considering the 


- grain of the United States and Canada jointly for "purposes « of export, in that 
the ‘exportable grain of both countries moves through the ports» of either 


a with virtually equal facility. At present, there are exported | annually from the 


ports between Montreal and Newport Va. inclusive, about 12 000 000 


New York, 
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on’ OPERATION K STATE BARGE eal 
of grain’ per year, of) which is of Bein the Barge 
Canal. Of this amount at least 7 000:000 tons move in seven f full months 


nal is open. a ere » should be > great quantities of grain to be moved 


as wellias for domestic ‘consumption ‘for many years to ‘come, 


It: has' been brought out that the number of barges navigating ‘the Canal has 

been increasing.  To- ‘day there are slightly less’ than 800 ‘barges. q The 
umbet was about the same im 1924, but between 1922 and: 1924 the average — 
of ‘bange: imereased from 420 to! 480 tons; or 15: por cent. Deritig 
oe many old barges were scrapped and their * places 1 taken by new 


barges! of amueh capacity. Sizes are: aed ‘some, 


maximum to datoalightly more than 33 per "Phe report’ of the 
yened. of Public Works gives the! mileage of the average’ barg 
ately navigating the Erie ‘Division’ as 3313) per day, virtually ‘the: same’ as by rail 


The: instande mentioned by Mr. Finch of the Oswego and 


New York is in'no way exceptional. Many other lines deliver nearly the same 
service and: it) may be expected t that. ut they always will. moth 


‘There, has been no ‘decided movement of iron ore on’ the Barge Canal west 


j 


from L Lake Champlain. During 1925 and’ a year or two’ previously there was 
a: movement: of imported ore from New York to: the Buffalo” ca 
ae west ; but it is too soon to make forecasts as to the develop hent of this — a9 
traffic. 'The’ ‘movement of steel shapes and s semi+ ‘manufactured i iron from’ 
Buffalo eastward has, developed in some quantity. 8 
average unit saving on, freight) actually: on: 
estimated to be about: 15 per ton. That figure i is obtained by: 
of the known. saving. on grain _and‘on. certain other ¢ ier commodities, the: testimony — 
‘regarding which was clear to the Barge Canal, Survey Commission. Thesaving 


is. the dh actually, costs to by Canal. and what: 


‘There are undoubtedly other 


brought out in. that. testimon; 


} This - igure ‘ts reached by a consideration of ‘the ‘tonnage, produced and 


gonsumed | in the area affected by ‘the ‘Canal, and comparison of the 


. BABBok rates near to and far from the > Cana eee 
Undoubtedly. the Barge Canal. exercises, 


industry, commerce, and arate the. tate of New York | y. assistin 
.. 91 Vit ues 


aintaining the flow commerce, through the State. For example, it, was 


“available 
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/THOMSON ON OPERATION OF NEW YORK STATE BARGE CANAD ‘Papers. ‘i 
Kennarp THomson,* M. Am. Soo. 0. ‘E+It is, of course, astounding 


read that the best year’s. ‘traffic on the New York State Barge anal 


. _ Two monumental blunders were made on the E rie Canal when it was 


recently reconstructed, ‘The first was oné of location i in maintaining | the 
hump of 57 ft. at Rome, which ‘prevents any water from Lake Erie reaching» a 


the Hudson River. This requires the expensive storage basins at: ‘Delta and 
Hinekley | to feed’ the Canal east of Rome, as well to provide the additional q 
+. The second prema was in making it a Barge Canal with fixed bridges. having 


he minimum clearance of 154 ‘ft. This was a political as well: asoan economic — 


bun er made i in: the yain attempt to get the Cities of New York and Buffalo i 
to vote for the enlargement. To ‘realize this, it is. only “necessary to inspect 


Canadian canals and note the use there made of the unrestricted 
of boats, permitted by movable bridges. 
ea J | The short-sightedness of New York City and Buffalo i in thinking: that the 


comparatively few stevedores who now load or unload freight at 
» two places could in any way compare with the prosperity of the entir 


“State resulting from the free use of the canal, is simply marvellous. G6 8 rie 
New Yi ork City pays 25% of the tax of the United States, which means 


that it owns 25% of the total wealth and i is therefore vitally: interested in the 


prosperity cof every foot of. New York ‘State, well as the ‘remainder of ‘the 


Continent, (Canada and Mexico included). 00] Bi. iffy 
same reason, New York City and Buffalo will vastly ‘benefit when 


the (Barge) Canal is to its: limit when the Niagara St 


awrence | Rivers vearry ocean ‘steamers. to ‘the Great Lakes, utilizing at’ the 


same e time the | hydro-electric energy of these r rivers, energy will’ amount 


ka 
8.000000 h. p., saving 80000000 tons of coal per year, or $640 000 000— 


about: $2,000 000 per day—most of which is now going ‘to waste. A further 
will be’ the construction n of twenty Pittsburghs on the 


the speaker one of the Board of five Consulting Engineers for 


New York State Barge Canal, , he was” asked whether the Barge 


eee 


Ganal: would ever pay. ” His’ reply was that if the Btate of ‘New York were 
‘construct skyscrapers in New City for the public, without 


lights, “water, ete., the public would 


= them, as lon as up- i date fully equipped buildings: were constiucte 


private ‘capital near ‘by. Active agents would ‘see to it that prospective 
fenan s of the State owned buildings were diverted to the 6, privately owned 
For the same reason, when th e State handles the ‘Baie | Canal as a busi- 
ness enterprise, going after the traffic, keeping the terminals, ete., up to 
Fe Carial will be of enormous value to the, ‘State and to other. ‘parts, of the 
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on OPERATION OF NEW YORK STATE BARGE CAN 


he, is forcibly reminded of. a written by his father in. 1849, 
a trip’ from ‘Buffalo to New York by stage coach, in which he stated: oe 
: Shortly there will be a railroad all” the ray from New York” 
‘Buffalo, * It. was interesting to hear the, iscu ussion.. of the. fellow 


iA 


passengers. ~The majority ‘said ‘that there would never be traffic enough to 
fie cities for one hundred 3 years 


n New York. City, 10. or. 15 years ago, would have, been nearly as. greatly 


in error. would have. believed, 20 or 80 years ago, that the New York 


elevated and subway lines would. carry the number. of people they now do; 
“and, second, that the 5- -cent for this enormous: of people 


modern conditions and vet estimates are frequently made for conditions thet 


as gets 
re similarly radically different. 


Empire State does not need to: worry. about the 


‘see. tha at it gets. share, | exercising ordinary business 


| 


‘hoe 
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_MEMOR, OF MORDECAI THOMAS. ENDICOTT, 


¥ which will amplify the records as here rinted, or ‘correct any errors, should: tbe forwarded to 
the Secretary to the final publicatio 


a Past-Presidént of the 
‘the more than forty years, and who was also an authority on Isthmian Canal : 
Mordecai Thomas Endicott was born at Mays La nding, N. , OF n November 


Ba ay Colony. He primary tions in schools 
of the Presbyterian Church and through private instruction at Mays en ? 

+. 

N. J. Je In entered the I 


7 ‘he was graduated in 1868 with ‘the degree of Civil Engineer. 


Following 5 graduation he entered actively upon his engineering career. He “wa 


was employed as an Office Assistant by the late R. P. Rothwell , M. 
C * a Civil and Mining Engineer, of Wilkes-Barre, Pa., from July 
until December, 1868. He nes next, served as a Rodman in the Brooklyn Navy 


until January, 1870, he entered the ‘service of the New Haven, 
Middletown and Willimantic Railroad ‘Company as Draftsman, with ‘head 


. ee in N ew York, N. ite na After spending five months in a the office | he was, 
detailed t to the ‘field as an. Assistant on ‘the construction of the foundations and 
hig 
approaches of the Connecticut River Bridge at Middletown, Conn. a8 ‘Mr. Endi- | a | 


 eott continued on this work until the latter part of 1870, when he accepted an 


appointment as Assistant Engineer in charge of the ‘Dresden Extension” a 


Cincinnati and Muskingum Valley Railway, Dresden, 


7 


On of this railroad 
, 1872, in civilian ‘capacity as an Civil Engineer at ‘the ‘then 


wey League Island Naval Station at ‘Philadelphia, Pa., ‘and con- 
tinued thereafter the Government employ. After rendering meritorious: 
Services a period of eight in the development of the n 
and public utilities, he was 
given line placing him in of the Civil Department of 
the Philadelphia Navy Yard, where he continued until he was ‘commissioned « 
| Civil Engineer i in the Navy o on July ' 
at New London, Conn. Yak “tek fe oth Other 


ry _® Memoir prepared by the following Committee: H. H. Rousseau, Chairman, and Os. 
‘Members, Am. Soc. C. E., and A. N. Talbot, Past- Am. Soe. C. E. 
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F ollowing five years of in oft th Civil Engineering Depart 
at, the Naval Station at New London; where he designed and constructed 


buildings, and ‘other improyements, Endicott or lered, i 
to similar duty at the Navy at Portsmouth, »N. H. 


in. charge. of public works design construction. until "1886, when he was 


ordered to the Norfolk, a.,, Navy Yard. Here, in addition to other ‘work, 
he was in charge of the of the dry dock was in 


October, 1889, Endicott, was detached from. 


- folk, and appointed by : the. Navy Department as a member of a Board to com 
sider, and investigate conditions and “necessities, at the ] New Yor ork Navy. Yard, 


and to report on plan for its development and improvement. On completion 
t of this Board duty :i in April, 1890, he was detailed as Consulting Engineer to me 
f 


‘the ‘Bureau. of. Yards and Docks, United States. Navy Department, in’ Wash- 


ington, | 0. , and placed in | charge of all civil engineering w vork under. the ae 
cognizance of the Bureau, 100 od bye, 4209, ati 


This, duty opened. up unique opportunity for him, for, while the con- 
struction. of modern naval, _vessels had begun, the Navy “Yards” had not. yet 
eme rged from tl the condition. in which they. were when. wooden. vessels were 


supreme. Carts: drawn by oxen still met. transportation needs, Electric in- 


‘RT 


stallations: for light and power. had not been introduced, Street. improvements 
were principally ne noticeable. by. their absence. Lumber the material 
for dry- dock construction, and brick and ‘umber for buildings, The day of 
steel and concrete for. Navy ‘Yard construction had not, arrived, ‘How well 
Endicott ‘availed. himself of this opportunity t to modernize 
Navy Yards may, judged the of his subsequent career and. ad- 


-vancement, during the sixteen years. that passed while he was on. active duty. 
this, period, | 1890- 1906, there. was tremendous: growth 


_vancement in all lines of engineering and in dustrial ‘accomplishment, and ac- 


tivity | outside the Government service and it was is constant aim. 
Navy ‘should keep up with, the p ‘pace ‘set by the ¢ country’s industrial plants and 


a 3 _ Commander Endicott, then 46 years of age, was eminently fitted for this a 


assignment at. the. Department, having, had eighteen. years’ experience 
at the principal Navy “Yards along tl the Atlantic Coast, during v which. period 


> 
he had become thoroughly. familiar with, _nayal and: requirements. 


This. detail Commander Endicott. until, his appointment, as Chief o of t 
‘Bureau of Yards and Docks, swith the rank of Commodore, on ‘April 4, 1898. 


ae Durin th is sieht years of service as Consul ting Engineer , in the ‘Burean 


of Yards and Docks one and ten construction contracts entered 


“into, em abracing. apiscellaneou eous an -varied engineering structures, Among | the 


outstanding projects may be mentioned : a timber dry: dock for the Puget Sound 
N avy Yard, the design for which ‘ineluded a concrete and entrance, a 


“marked improvement over the ‘standards. previously, fo tables for 
40- ston eyanes; timber. dry docks at New York and Port Royal, 8. 


7 
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3 provements ‘similar to those adopted for ‘the: ary dock at Paget, Sound; anc 
the design of ton locomotive -eranes -eapable of handling the armor 
plates required by ‘the battleships then being constructed. On March 1898, 


to the yank. of ‘Captain, and by the. provisions fof the “Personnel” Act of Con- 


‘ree ‘ ‘effective March 3, 1899, he was elevated to the rank of Rear Admiral, 


which ‘rank he hield thereafter. He w was the first Civil Engineer of the Navy 
to hold this rank. tails odt to odt to op th 


cies Commander Endicott’s reputation as an engineer, and his success in ise 
civil engineering ‘work to his appointment by President Cleveland, on 


April 26, 1895, on the recommendation ‘of the Secretary of the Navy, and with: 
, out any appli¢ation on his part, as the Navy n member of the Nicaragua ‘ Canal 
~ Commission of 1895, headed ‘by the late William Ludlow, Col., Corps of En- 


gineers, S. Anny, M. Am. 0. E. The late Alfred Noble, Past- 
was the third member. This Commission examined the 

the ¢ as proposed by the Maritime Canal Company, and reported 

a on its feasibility, cost, and permanence. — The Commission’s report ied Con- | 


ey gress ‘to delay taking action on ‘pills’ furthering the Nicaragua Canal proje 
which was 3 eventually abandoned i in favor of the Panama Canal route. “heh 


wit ? ‘By Act of Congress approved J uly 19, 1897, the » Navy was specifically for 


ie i bidden by law to pay more than $300 per ton for armor for battleships ; and 

aan if he could n not purchase armor ‘within this ‘limit, the Secretary 0 the avy 
was aut take steps to establish a | overnment 


make such armor." The Act the Secretary of the 


ay, f competent naval 


advise asgist in executi 
a rar Endicott, then acting as Consulting Engineer to the Bureau of Yards: 
and Docks, was selected as the Civil Engineer member of this Board. The re- 


port of the Board which went v very fully into the design, ‘construction, and the 
operation of a Government Armor Plant and which was accompanied by plans — 
and estimates of cost, impressed Congress with the feasibility 2 and economy of 4 


project, and was largely responsible ‘for the considerable reduction in the 
el mi subsequent quotations for armor plate, as ‘compared with the | bids mad de prior 
i thereto, as the armor- -plate manufacturers then ‘realized the Government’s de. 


t 


ermination and ability to manufacture its own armor plate if ey were un- — 


able’ to meet its views as to price. 


the spring of 1898, the four-ye 


of Yards and Docks expired, and new Chief of was to 


Pan we This country was then on the eve of the Spanish War, and the new incumbent 4 


‘would have to carry the work of this important Bureau ‘through a war the 
gt magnitude | and duration of ‘which could not be predicted. - The man most 


familiar with the work of the Bureau and the shore needs of the Naval Estab- 
Bs ‘lishment’ was Commander Endicott, then on duty in the Bureau. To appoint 
kl Chief of Bureau would necessitate breaking the traditions and precedents — 


{le 
the preceding fifty-: “six. _ years uring | which time only officers of the line 
e Navy had held this ‘position. “The preceden was broken. “President 
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MEMOIR OF MORDECAI THOMAS ENDICOTT 

McKinley, on the recommendation. of. Secretary. of, John 

_ submitted: the name of Mordecai T. Endicott to the Senate for aun, 

and: o on April 4, 1808, 8, he: appointed, Chief of the Bureau. of Yards and 
* Docks, the first officer. of. the Corps of Civil Engineers to be horiored with. this 
+ appointment. The success of his first four years” of administration of this : 
office resulted in his re-appointment in 1902 by. President: Roosevelt for. ane 


other four-year term, and: he was given, a second | re-appointment by President 


Roosevelt in 1906, 0% dt | lavas “or ease avboow teal ot 


‘teat reached ‘the then retiring age of sixty-two years on November 26, 


June 30, 1909, on the completion | of this. work, he was relieved of active duty 


and ordered to his home. ott 000 08 rot 
‘he few ‘of the outstanding accomplishments of. Admiral Endicott’s nearly 
roject ai ne years of service as Chief of the Bureau of Yards and: Docks should -§ pa 


mentioned. hen he was’ appointed, the | Oorps of Oivil Engineers: comprised 
nly thirteen officers. Corps. was Navy. Through in numbers to meet 

the rapidly expanding 

Corps: increased to eighteen and, on; Mitrobi $,..1908). the 
efforts of Admiral Endicott, Congress fixed ‘the number of officers in the Corps % 
of Civil Engineers: at forty. The successful, conduct. of, the office 0 of Chief 


Bureau by an officer the, Corps of Civil. Engineers. had ‘demonstrated 


wisdom of this policy. W, Gh bus. bodziloda 


It is natural to assume that a technically trained man with administrative | e 
ability. ds better qualified to handle the work of a strictly engineering bureau 
a than one who has to rely.0 on assistants for the’ technical advice and information 


ier 
tining to promote welfare of the Bureau and the Corps. by 
adoption. of this practice as a permanent policy gave up the Bureau, 
and, he was finally successful in convincing. Congress: of the advisability: of at 
restricting future appointments to. officers trained i in civil engineering. a 


un- 
inted. 


nbent 


law passed in 1906 indicated Congressional approval of. ‘this policy, and re- 
“quired that. thereafter the Chief of the Bureau of Yards and Docks should i 


ub 


interested in’ the continued 


and 
armor 
1898, 
moted 
Con- 
i 
Naval 
ained on duty 
il he resigned this office on January 5, 1907. He 
With: Bureau until he res ened M 1907 when he was detailed to the De- ; 
| the Navy Department until March, 1907, when he was detailed to the De 
od the 
A 
4 
icient “4 
of the 
199) 
naval 
Com- 
Yards q 
2134 '> 4 
d the 
lans ; 
: 
my of 
n 
A 
a 
istab- a took steps to change the then 
dents not be ‘able 
line | their highe +h 
th re directed against him by t 


dry docks’ were severe, and 
various ‘ways to belittle his' argutnerits and to influence ‘his 


tion, but i in vain, His mind had been made up after careful ‘study: and con- 
ne 


=e sideration, and he remained steadfast in his: beliefs. In the face of formidable 
opposition he convineed Congress of the soundness of his técommendations, 
which: resulted in Congressional authority to: change the construction of four : 


docks, ‘about to. be started, ‘from timber to eoncrete and stone: That was 
was, the last of wooden dry docks f for Naval use, and the present ‘sttindard of con 


crete and stone construction was thereby’ established); by! 9 
to Eleven. dry docks. were eonstrueted under Admiral Endicott’s: supervision, 
aa two of which were steel floating structures. ‘The first of f the two floating docks, 


capable of docking a 16000-ton veisel, was! ‘construeted: at Sparrows Point; 
Baltimore; Md., and‘ towed to New Orleans, La., where: it has beew in use up 


et a to ‘the: present ‘tine. The famous floating dry dock, Dewey, n now in service iti 


rected up to that time. 


of the features’ of thé New Orledns doek, which was) "pattedmed: after. an 
design, but was so far improved’ strengthened that the design can 
termed ‘an American’ one. These docks have self-docking features 


them to be "repaired: and painted without: utilizing any other 


con> 
by ‘thie Senate as’ the Na avy Member of the Canal’ Conimission. 


‘This ‘Commission made) its headquarters i in Wash ington, and he continued to 


perform ‘this duty, in’ addition to his other werk, vuntil 1907, when the 


mission was abolished and a new one appointed which “made its Moers 


Adiniral Endicott’s efforts were always directed | to securing’ ‘the erento 
‘ possible economy in! the expenditure | of publie funds. He advocated 


finally obtained the: approval of Congress: forthe: consolidation of all power 


handling: guns, turrets, boilers, and other heavy: objects; 
Following his retirement, Admiral Endicott continued’ make his: homé 


Washington) D. ©. Th | 1914 and ‘again in 1917 ‘was called back to active t 


du uty with the: Departinent of J ustice, in connection with suits against the 


On’ October 12,1917 during: the! World War, he’ ‘was again ordered to 
active duty and detailed to the Bureau! of! Yards and Docks... In addition to 
duties him, he acted) at’ different times as President 


floating cranes: with a lifting capacity “of 100. gross tons) and capable 
a 


rie 
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the’ Corps 0 ivil £ngineers,;; Une.ot these boards for, the appointment of 
engineers handled and rated the papers more than 7 000 applicants, 


5 


-Memoirs.] 
1918, was to Norfollsy for temporary duty as of 
a board Md report on the extension, of the harbor line at the Naval Operating 


‘Base at Hampton Roads, Va. He was later appointed ; a member of the Board 


created to recommend deemed worthy of the award of the Congressional 


of ‘Honor, the Distinguished Service “Medals, and the ‘Navy Grosses, 
provided for in athe! Act» Congress approved! February” 4, 1919. He was 


relieved from active duty oft J une 30, 1920. following is quoted 
letter. of commendation given to Admiral Endicott 


Admiral Endicott was, married in yresden Ohio, on May 2 9, 1872, to 


beth Adam He i is survived | by his widow, and seven daughters. ‘His 


home life was exceedingly 1 happy. He. was a devoted husband and father. He 


was. active, in church circles, ‘having asa a of the Church, of 


the piphany (Protestant Episeepal) .o 


the Theta Xi ‘Fraternity; a Trustee. ¢ of Church. at 


of Washington a Jife of the ; New. jersey Historical Society mer 


Member of ithe ‘Washington of Civil te, 
health had always, been. unusually good until within a year and “oner 
half of. his. death ‘his tall, striking figure was) af familiar and always 
welcome sight « on the streets of Washington to. his many friends: heavy 
cold. ‘that he contracted in the latter part: of February, 1926, \ developed into acy 
4 pneumonia and after a few days’ illness, he quietly passed away on March 5. 
urial was in ‘National’ Cemetery" on March 8, 1028, "where ‘fol 
Inthe déath of Admiral Endicott ‘the Soeiety ‘has lost an honored “‘mem- 
ber|'who cherished a deep interest ini its ‘welfare. He was a Naval ‘Officer 
Engineer whose’ patriotism; professional ‘attainments, “and high ideals: ‘made 
3 him one of the outstanding always had ¢ 


Courage of his convictions and stood ‘read fight if necessary for what 


bélieved to be ri ight. He never a question of principle was 


‘and hever took, a ‘backward ‘step from the course determined that 


il ‘wise in “eounsel, charits able in 
judgment, kindly, with sympathy. for all who appealed to him, and pfeil il 


ved by all whose privilege. it was to now 


dmiral Endicott was a ember of the Aimerican Society of Oi 
Engineers, on pril 4, 1877, retaining his connection wah it for a veriod of 
y-nine years, Jacking. one. month. Te. from 1 


190 1 


on 


rs. 
| 
performed exeeptionally meritorious service in a duty of great rer 
sponsibility, acting in an advisory capacity to the Chief of the Bureau of pa ae Z 
| Yards and Docks, and ‘as a member of various special boards dealing with 
— 
ie 
to 
— 
id 
7 
le 
Board of Direction, as Past-President, from 1912 to 1916. 


HENRY FLEETWOOD ALBRIGHT, oM. Am, ‘Soe. 
i Henry Fleetwood Albright) was | born at Lancaster, Pa., on October 5,.1868. 
He received ‘his education in the public. schools. of. Philadelphia, Pa. 


on shortly. after his graduation went to: work,.as an office boy with the Union 


- 


: the In 1892, while employed. as a Sales Engineer for the Thompson- Houston ~ 
ae Company, he attracted. the attention of the Western Electric Company, when > 


he secured a contract from three of its best salesmen for an “ele ectric lighting 


plant for ‘Wheeling, W. Va... The latter Company appreciating. the efficiency 


this transaction offered, Mn; Albright ‘the, position of Sales Engineer which 


1894, he was transferred to t e Construction Department of the 


Ele in ‘New York, N. where as Supervising Electrical Engi- 


4 y ‘ 


he designed and supervised the installation ‘be electric power and Tight- 


ing systems. ‘His ‘work was | done in’ such an in ‘efficient manner that in 1 1897 


was promoted to the position of Factory Engineer, in charge of f the design 
and: supervision of the installation of electrical and mechanical building equip- — 


rent, such as electric current. generation, distribution for power ‘and lighting, 
heating, sprinklers, , plumbing, and elevators. He also. supervised the > installa- 


of manufacturing equipment, ‘such as ‘machine tools, benches, and store- 


_Toom ‘equipment i in the New ‘York Shop of the Company. bart 
3 _ From 1898 to 1899, he served ‘as’ Assistant Shop Superintendent a nd > was 
in responsible charge of preparing layouts i ‘of manufacturing operations, in- 


eluding» the routing of materials through the shop, well. as layouts of 


tae Mh From 1899 to 1908, Mr Albright held tl the position of Shop Superintendent 


and his talent for systematic organization soon’ made. the: New. York factory 


a model of efficiency. Realizing the probable rapid growth of the Company, | 
he began to develop his organization along functional lines, grouping together, 
under responsible heads , departments that at performed the same general fune- 


4 _ In 1908, ‘Mr. _ Albright was made General Superintendent in charge of all 
manufacturing operations | of, the Western Electric Qompany. in the United 


was at. this time that be moved to. Chicago, Til, where he made 
3, and began the 
8 manufacturing activities 


‘The ‘Hawthorne Works which is. one of the largest and most complete 
tug oi FQN, 
scetiilaslendiens plants in the United States i is the ‘greatest testimonial ‘to Mr. 


ie business ability. ‘The first buildings at. this plant were erected in 
1908 a and he supervised the layout for the Telephone Apparatus Shops and 


af 
" also” an ultimate layout for ‘the entire plant which has been consistently fol- 


Ea lowed | as s various buildings have been added. During t the period from 1908 to 
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increased from 300 000. to 3.000 000 ‘sq. ft. the number of employees 
‘i 2500 to 30000. In the buildings of this plant, , Mr. . Albright : ‘installed 
latest and best ideas “in methods, equipment, and ‘arrangement of ‘ma-— 
-chinery, thereby making the Works as whole’ model in factory building. 
In addition to his duties for the Western Electrie Company in the United 
ates, Mr. Albright was also” in responsible charge of the selection of sites 
4 and the design of buildings and manufacturing’ layouts for the ultimate dé 
velopment of properties of its foreign and affiliated Companies at ‘Antwerp, x 
Belgiualy London, England, Paris, France, and “Tokyo, 
In 1923, Mr. Albright was made Vice-President and Director of the i 


ern Electric Company,, Incorporated, which position heyheld until his death. 


in charge. of the selection of a site a new ‘manufacturing 
Kearney, N. J., the design of ‘the buildings and the development of manufac- ee 


turing equipment layouts for that. plant. tio ited 
He died on May 11, 1926, at the Memorial. Hospital i in New York, N. Ys 


after a long illness... _His body was taken to his home in Oak. Park, Til. , and 


in Glen “Oak Cemetery. On the day of the funeral the ‘Hawthorne 
Works were closed as a mark of respect to Mr, Albright. = | | hs 


On December 26, 1892, Mr. ‘Albright was, married to Laura Heston, 


Philadelphia, Pa., who, with a son, ‘Henry Albright, J r., and a daughter, 


G. Du Bois, Chairman of the ‘Board. of Directors. cof the 
Western, Electric Company, | a close business associate of Mr. Albright, 


has written the following appreciation: 


“Mr, Albright was a man of. ‘unusual and abilities; He did his 
a, carefully and completely, He envisioned great projects but he never 
oked or despised_ ‘the details. _ As his responsibilities. grew he trained 
others to take care of the lesser things and he trusted them. He was vigilant 
in the Company’s interest on the daily work, but his mind ‘constantly turned 
4 toward its future operations: and the preparation to be made for them. — He Ie 
sis is gone but of no man can it he more truly said that his work lives after him. _ 
; “And ‘yet it is not the superb and enduring work he left behind which has vie . 
s filled my thoughts of him in these past few weeks. It is his personality—the a 
man himself apart from the work he did. 
“Nowhere did he reveal himself to me so fully as in our travels together. — 
_ His capacity for absorbing information.on any subject, the wide range of his vs 
ntellectual curiosity, and his remarkable memory made him always. a most 
interesting traveling companion, And the mere being in motion on ship or 
i train seemed to stimulate his memory of other scenes and incidents or stories 
go that he entertained his fellow-travelers much more I think than he supposed. 
For although completely fearless, he was naturally shy and self-effacing, Mis 
usually concealing his inner feelings” and covering with a mantle of scientific a 
. detachment and coolness a deeply emotional nature. He was a true scientist, r 
unswerving in his search for facts and their meanings, but discriminating 
taste, a spirit “of artistry, and a love’ of beauty in every form colored and > fe mae 
x. k. This combination n of, qualities would have made him a 
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rare bit hé added to them an affection for approeiation lof his 
Og friends and associates whieh inspired in thent a devotion to him) such as few 


ever achieve.” . aint to eytiblind ot al. 000 08 ot 008 


He. was,a. of the Institute of Electrical Engineers, London, 


a member of the, J American Society, of Mechanical, Engineers | 
a. Fellow of. the American Institute of Electrical Engineers. _ He was also’ a 


member of the Union League Club, the Lotus Club, and the Oak Park Coun- 


try lub, of Chicago. was, a of the, Presbyterian Church... aii} 


rk ames Work Deen was born on August 4, 1852, in West w Pa.) 

the of James and Rosanha (Work) Deen. He was 4 ‘desceridant 
L oe _ of Richard Stone, Private in Captain Henderson’ 8 Company, Colonel Harmer’s 
Regiment, F irst! Battalion, ‘Pentsylvania Continental ‘Litie. ‘His éducation 


was acquired in the public ‘schools of Pentisylvatiia and in “the Stitte Normal 


enteréd. railway service us Rodman atid Lévelman on Totation 
of the Fulton ‘end Railroad in 1877. ‘The following year he wat 


Rodman q 


in 1923, a period of 42 years. One of Mr. Deen’ ‘earliest works of 
“e responsibility, during practically. a lifetime of exacting railway engineering in 
the mountains, consisted of rebuilding 20 mitles of Tine in 4 
destroyed by the flood of 1881. ‘His. next 


tectification ‘alignment on Marshall, Pass an 


ay i Afterward; im 1886, his remarkable talents for location were: 1 recognized in 


kis appointment as Locating Engineer, ‘and latét he" Was ‘placed’ in 
a charge of construction on the Eagle River Extension, now a part; of the main 


line between Denver, Golo., and Salt Lake City, Utah. In. the winter of 
oe al 1887- 88, Mr. Deen was in charge of widening’ the lime from Pueblo: to 
oa ‘Trinidad, Cols., to standard gauge, and early i int 1888 was appointed Division 
Engineer of the Second and Third | Divisions of the Denver and Rio ‘Grande 
the former. Including the Tines, on the, Marshall, Pass route between 
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MEMOIR 


location in 1889) and of construction in 1890 of the standard 
gaige line: over Tennessee Pass and through the Eagle and Colorado: River 
Canyons,’ ‘bis. ingenuity. and engineering ability. were brought into full 
ind. the results aecomplished | still bear witness to the _ remarkable ¢ ability of the 
Deen never, the in which the. greater part 


rom sarrion he cuntinned.to reside. at, ‘Salida, a of 


Ps, In J une, 1891, Mr. Deen. was married to Martha J. Snyder, of Mifflintown, — 
Who, with two of his ‘Mrs. ‘Lille D. of Mrs, 


MSS 


For thirteen years he as a member of the Salida City Council, and 


‘than an ordinary interest in civie, State, and National 
affairs. As a mark 0 honor, all public and business institutions of Salida 
closed during. the funeral ceremonies. No better ‘tribute can_ be paid 


his memory ‘than ‘that of the ‘Salida Mail in its issue of July 3 30, 1926; She 


average citizen: is an a compannity “while he lives in it, a 
Toss to it when he moves away or answers the final call. But it is given to ee 
some men to be of special valtie the” town and State in which 


a member of the (Colorado. Society of Engineers, Sons. of othe: 


_ American Revolution, the Salida Chamber of Commerce, and an ‘Honorary f 


Mr. Deen was elected Member | of the American’ Society: of Civil 
on. January 6, 1892, and became a a Life Member i in 1925. end 99 doidw 


Charles Gleason Elhott was born in Lowell, Ill., on St une 8, 1850, ‘the son 
John. B. Elizabeth (Searles) Elliott, educated at. Tilinois 


principally in drainage engineering. in the) North Central. States, 

in geologic investigations in the oil ; fields of ‘the West. Asoi 

In 1884, he was appointed Sanitary Engineer by the Superisttendent of 
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‘MEMOIR OF, CHARLES ES GLEASON ELLIOTT 


on for the drainage and sewerage. of that i 
served as Chief Engineer for the Red River V; alley Drainage 
een of the. surveys and design asd the drainage of 809 000 acres in Minne- vy 

From 1887 101889 he held the position’ of Engineer in charge of Special 


Drainage District No. 1 af Onarga, Douglas, and ‘Danforth ‘Townships, Iro- el 
County, Hlinois, on the: 16 000 acres ro om) 1890 


1896, he 1e prepared ‘the first Bulletin on n agricultural drainage 
United’ States! Department of: Agriculture: fod bas otf pid 


Tn 1902, Mr.’ Elliott entered the Government service as Drainage Expert 
later, was” made Chief of Drainage Investigations, in’ ‘the Office 


un 


Experiment Department | of Agriculture, ‘where he ‘continued 
cary ‘on the work until 1913. commissioned by ‘the Secre ary of 
Agriculture | in 1908 to visit Northern Europe and to ‘investigate and report 


- land drainage, with particular reference to the drainage of turf and peat 
ey | Oot BY iv ~ 


a nds in Holland,’ "England, and Germany. “He also made investigations and 
_ reported on plans for Minnesota drainage, and, in addition, reported 0 on the 
drtinage of prairie lar nds in Cana .da. During the period | of his Govern: 


ment service Mr. Elliott personally developed the methods now generally used 


‘Ter’ 


‘in the arid regions of the West for draining irrigated lands, and thus saved. “a 


many irrigation projects from apparent failure. to ot 

After 1913, he was engaged in private ‘practice as a Consulting Drainage 
a Engineer and, at the time of his death, was a mem er of the Elliott-Harman — : 
a Engineering Company, with offices i in Peoria, TIl. , Memphis, Tenn., ‘and Wash- 


Elliott was. the ‘author of. “Practical Farm Drainage” (1882, 1908), 
aes and. “Engineering for Land’ Drainage” (1903, 1911, revised in 1919), both of he 
x which have been widely used as textbooks; also of “Drainage of Farm Lands” 7 


(Bulletin 187, U. S. Department of Agriculture, 1904). At the meeting of the 
International Engineering Congress ‘in! San Francisco, ‘Calif. in 1915, he 


presented a paper on “Drainage as a Correlative of Irrigation”. ag 
of Mr Elliott w was a pioneer in agricultural ‘drainage and for many years 
was recognized as one of the les ading authorities i in that ‘branch 


of engineering. He was a Republican in his political sympathies, a 


member of the Illinois ‘Society of Engineers and the Washington | ‘Society _ 


He was married on anuary 1, 1879, to daughter of Teoitird : 
Bullock, of Normal, Ill., and is survived by a ‘son, Herman 
Montrose,’ Colo.; a a daughter, Mrs. P. B. “Morehouse, of Washington, D. C.; 
and a sister, Mrs. Ida Knapp, of Deerwood, Minn. 
Mr. Elliott was elected a Member of the American Society | of OwinRhgt 
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‘FRA? cIS EDWIN 


‘ 


Francis, Edwin House, the eldest of a family of Henry 


a igh E. (Goff) House, was born at  Houseville, 


* The family was | of New England ancestry, and had founded the “village early 


in the Nineteenth Century. “drow. tok bers 9 


ae 513 After a a college preparatory course at a private school i in Rochester, N. Y., 


Mr. “House. entered Rensselaer “olytechnic Institute, at Troy, N. where 


studied Civil Engineering and Chemistry, but was ‘not, graduated. He 


a member of the Delta Phi Fraternity. ft 4 
Ps. He left Rensselaer ‘in 1877, 3 in his Senior year, and went to ‘Austin, Ne ev., 


oe then one of the important silver mining camps of the West... Here, for r three 
by years, he worked as Mining Engineer and Assayer for the principal mine, of 
. tt that camp. Th Austin he also began. the work with which he was. to be identi- a 


fied for the remainder of, his life—railroad engineering. Toward the end of 
it 


his. stay Austin, in addition | to his mining work, he completed the, surveys 
and engineering work for the _Rarrow-gauge mountain railway, connecting 


Austin with Battle Mountain, Nev., ninety miles. distant. odd, 
CONTE 1880, Mr. House entered the employ of the Chicago, ° Milwaukee and | St 


ip 


é Paul Railway Company, and during the following, three years. was engage 


preliminary and location surveys for railroad, the “Wabash, and 


on extensions of their Systems in Missouri , Iowa, and Nebraska. 


was made | Division Roadmaster of the Chicago, ‘Mibwankee and St. ‘Paul Rail: 
way, in Novem 


Kansas City, Division in 1890. taal ait tot bus M 


1891. Mr. House joined the Engineering Staff of the L Lake Shore and 


M ichigan Southern. Railway ‘Company, and was engaged on construction for ‘ 
that) System until in. 1892 he went to _the Pittsburgh : and Lake. Erie Railway 


| Company as Engineer of “Maintenance of Way. In 1894 he was en een 


the position of Chief Engineer. 


burgh Railroad for the Carnegie shortly afterward 
rif 


— Chi ef Engineer of the entire Pittsburgh, “Bessemer and Lake Erie Railway, 7 
having charge of all improvements on the old line, as well as the construction 


_ of the new part, which was notable on account of the heavy work required in 
The late Andrew Carnegie, then. ( of the Company, was 
with Mr: House and his work, and his advancement was rapid. He 


was made General Superintendent of the road in 1897, and’ General Manager 


in 1901. His superior officer in the. organization at. that time writes: “ol 
“Tf the Carnegie Steel Company had continued its independent 
i? think he would have gone up in that organization in some other departmen 


than its railroad. “ind ato: jot “otitt ton 


by a Committee of the Duluth Section, 
Clark, W.H oyt, and O. H. Dickerson, Members, Am. 
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formation. are the Tinited in 1901, = 
ouse went to Duluth, Minn., as President and General Manager of the Duluth | 

Tron Range Railroad Company, which position he held continuously until 

“his , death, on - April 3, 192 6, except that during Federal control of the — f 

under the United States Railroad Administration, he served _ as Federal Man- . } 


ager at the same ti time of both the Duluth and Iron Range Rai ilroad, and an 


He was en owed “With a's plendid physique, and as an 1 executive show 


remarkable energy and great capacity for work, a contagious, ‘almost 


, enthusiasm , and ad very high ideal of justice and fair ‘dealing. Although its 


béliever i in strict discipline, j justice was tempered with mercy in’ his ‘deci ision 


and their fairness was seldom questioned. baa Bite | 


House was a femarkably fine type ot man and cititen devoted to his 


home and family; Toyal friend and a Boer in his sup- 


‘For! nearly éighteen ‘years he was a Director of the Duluth Young Men’ 


Obristian ‘Association, for ten years its Vice- President, and its ‘Acting Presi- 


dent for two periods, amounting to about three years. He also. a member 
of the » National War Work Council of the ‘Association ‘during the World War. - 
1918 his Alma Mater conferred on him the Honorary Degree of aster 
4 of Civil Engineering. Mr House i 3 the ‘first and ©: nly person to have re-_ 


‘olf Mr. House _was married in 1878 to Mary “McCracken, _at Des. Moines, 


House was elected a Meniber er of th the American ‘Society ‘of Civil Engi- 
neers on May 1, 1895, and although “for the last thirty years of his life. he 


hot directly engaged in engineering work, he r retained ; 
engineering activities. The Duluth Section of the’ Society, ‘is 


as a leader in in its and its President. 


August, Sayre Kibbe was ‘born im Albany, Ne Y.,/on ‘August: 8, 1865, the 
of Augustus Kibbe, whose ancestors from Exeter, England, in a 
1614, Sarah A.) (Sayre) Kibbe, of: rench ‘descent, whose’ family ‘came 
from Rouen, France. boy’ he lived in Brooklyn, and attended 
the Polytechnic Institute of Brooklyn, later ‘going ‘to Troy, NY; where 
he received, the degree: of Civil En gineer from ‘the Rensselaer Polytechnic 


ec 
Upen graduation Mr. Kibbe was: Assistant ‘to the” ‘Direetor of 

selaer Polytechnic Institute for one year, after which he became Assista an 
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Canal with headquarters ‘at Fort: Edward, N. 
years on. this, work he was -appointed Special Assistant to the New York 

«State Engineer and | ‘Surveyor in August, 1888; with headquarters at 

and “was engage din an number of important, undertakings, in. con- 

nection with State surveys, water supply; and. regulation, 

Black B River and Canal ‘water supply, the Genesee River. water supply ‘and, 

storage, Adirondack reservoirs New York maps_ for the “Municipal Con- 
—solidation Commission, York-Canada and New _York-Pennsyl nia 

In n April, 1892, Mr. Kibbe from the York State Engineering 

Department: to engage in 1 electric Tailway work as Engineer and ‘Superinten- 


of the Woodbridge and Turner Engineering Company, in New York, 
“While with this firm he designed and constructed.a number of ¢ electric 
4 a railways, among which were the. Paterson Central Railroad of N ew J ersey,. the. oe 


Washington, ‘Alexandria and Mount, Vernon: Railway, the Brigantine. 


-Company’s. Railway, the Chester. (Pa.).' Traction System, and parts, 
of the People’s Traction | Company, of Philadelphia, Pa, He severed his | con: 


2953408 
nection with the e Woodbridge a: and Turner 1] Engineering Company i in Octo Peat 
4: 


1895, to become Engineer of Construction of William ‘Wharton, Jr., ‘and 
4 pany, ‘with which Company he : remained for four years, While with this 
Company he built the Fairmont Park “Transportation Company's. 


in June, 1899, as Engineer for the American Railways 


became, Chief Engineer of that Company in 
1904, which position he held until. November 30, 1910. ‘During this time 


| engineering charge of the construction, and “oneration of the 

railway, Tighting, and power Plants of the American Railways Com- 

pany, which comprised about 350 miles of track and a capacity of 15 000 kw. 3 


is in power stations, located in various. cities of the Middle. Western States. 14 In a 
1911, he opened, offices as a Consulting Engineer i in Chicago, Ti, but i in 191 2, his! 


his activities t to Reno, Nev. From 1914 until his Mr. Kibbe 3 


ars 


with the Key ‘Transit Calif, as Consulting Engineer 


4 Outside his engineering work, ‘Mr. Kibbe’s: great at i Anteres st was in wild life sc. 
4 Fil : ~ 


tel 
conservation and he was Secretary of the California Societies for the Conser- 

ag vation of Wild Life. For six years p previous to his death he served as President _ 
of the “Audubon Association of the Pacific. e Probably no bird lover was better = 


informed as to California birds, and he was considered an authority both on 


the ‘knowledge of birds and their protection, which was the purpose of the 
Association. He was also | a member of the Sierra Club and one of the 
inal members of the Pacific Railway ‘Club. ae 


. Kibbe ye was always a student an and a air of high ideals a and character. 


“quiet, modest, and. retiring, but with | his keen, analytical | mind h he 


arrived at his decisions and stood firmly for them i in his unassuming manner. 
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resides i in Berkeley, Calif, 


2 ent Mr. Kibbe was elected a Junior r of the American 


neers. 
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WILBUR FISK McCLURE, M 


Soe, 


43 Fisk MoOlore was’ born it Perryville, Ohio, on December 18, 1856, 
son of Thomas Clarendon and ‘Sarah A. (Stephens) McClure. His 
es arly “childhood was ‘spent in Ohio and Pennsylvania where is father held 

x various: charges as an ordained Minister of the Methodist Episcopal Church in 
the days when ‘ ‘itineracy” meant moving at least every two years He attended — 


the Southwestern Normal School at California, Pa., and on leaving this insti- ‘" 


4 


‘alt 


tution taught i in the public : schools of Fayette and Washington Counties, Penn- 
‘sylvania, at Carthage, Mo., and in the Cherokee Nation. 
Roe While engaged as a teacher Mr. McClure took 7 up the study of engineering, — a 

fig 


"for which he left the Teaching Profession n early i in , 1879, beginning work ‘with - 
the St. Louis. and San Francisco Railroad Company as an Assistant ‘Tranait- 4 
on location. November, 1879, to June 1, 1882, he was in the 


ee employ of the same Company as Assistant Engineer i in charge of construction, — r 


or as Assistant on location in ‘Missouri, ‘Kansas, Arkansas, Indian Territory, 


Ah and Texas. During the last six months of 1 1882, he was in charge cee Land 

Department of the Company, surveying lands and town sites. we a 
- In March, 1883, Mr. McClure went to Deming, N. Mex., : as Assistant Engi- 


| Be nniere in charge of tracklaying on the Deming, Silver City, and Pacific Railroad 4 


_ (narrow-g gauge). On the completion of this road in the same year he m moved to ' 

os Angeles, Calif. and from 1883 ‘to 1886 was engaged in private 

ee. chiefly i in surveying oil claims for the Pacific Ooast Oil Company and | acting — 


as Engineer for the Mountain Water Company. 


1887 to 1898, 93, he served as Chief of the | 


ornia 1893. he 


The effects of this in fact never en 


While convalescing at his 3 home 3 in Los Angeles, Mr. McClure received a 
call to the Methodist ministry and for the 1 next seven years he served as a - 


“missionary in that region in 1 California lying mainly east of the Sierra Nevada, 


d and respected fo: Lin ‘Chester, Pa., and a 
iety of Civil Engi 
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with successive charge Gr Plum Bishop, Inyo. County; 
Cedarville, Modoe County; and Truckee. At that. dois this was a pioneer, 


= 


LAS 


it forced him out at of the ministry and back to engineering i in 1900. In ‘that 
3 year he ‘moved his home to Berkeley, Calif » where he remained ‘for the next 
twelve years. From 1900 to 1905, he was Superintender nt for Rudolph Axman — 


and Robert Wakefield, Contractors, in the removal of Skagg, Arch, and Blos- i 
som ‘Rocks: toa depth of 30 ft. from San Francisco Bay. In 1905, he was 
elected City Engineer of Berkeley, s serving in that capacity until 1909, when a 


he became Commissioner of Public Works at ‘the time Berkeley adopted the 
Commission Form of Government. __ O00 Hoda’ ets 
1911 he returned to private engineering practice, continuing in this utitil 
his appointment by Governor Hi oven ohnson, on February 18, 1912, to the a 


engineering service. successive gubernatorial ‘administrations 
and a service exceeding fourteen years Mr. McClure continued as State Engi- 
a of California. From J uly 30, 1921, until his death, in addition to holding — 


as the position of State Engineer, he» was Chief of the Division of Engineering — 


and Irrigation of the State Department of Public Works, and beer a 


the time | of Mr. McClure’s appointment by Governor J ohnaon 1912 


3 the jurisdiction of the State Engineer’s Office related principally to work i in 2 

and about State institutions, with minor enterprises in road construction and a yas: 


rectification of river channels. ‘During the period in “which he was State 
_ Engineer, however, ‘the activities of the office: underwent a great expansion. 


State : supervision of irrigation and reclamation development and of dam con- 


struction originated and grew to large proportions. — Engineering» investiga- 


work also became an important function of the office. 
Between 1911 ar nd 1915 the California Irrigation District ‘Act was per- 


pr through - many amendments, to the point ‘where it became practical to 
_ proceed with substantial irrigation development. In 1913, the California Trri- 
gation | District t Bond Commission (now the California Bond Certification 


composed of the State Engineer, Attorney General, and ‘Super- ¥ 


= 


> 


@ 


risdiction of the ‘State ‘Engineer’s Office the California Irrigation 


- District Act and the jurisdiction of the Bond Commissio’ n, ‘the | State, since 
1912, has supervised « one of the greatest expansions in agriculture through © 
irrigation that has occurred i in any locality i in the United States. ‘a This expan-— 


‘ sion has involved the organization of about | 100 irrigation 1 districts and the 
issuance of more than ‘S120 000 000 of irrigation district bonds for construction 


‘systems all passed Mr. McClure’s official review. ‘The total area 
in these is 38 500 000 ‘acres. i is : a ‘greater a area than is 


irrigable 
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the successful administration of State supervision n of irrigation proj- 
. This successful administration has” made irrigation securities readily — 
purehasable by the buying public. Almost ‘without exception, these ‘entire 
reas have met their financial obligations as they became due. boorot 
‘This great and d rapid expansion ¢ of the irrigated. areas in California ‘advanced 


conditions to the point w here organization of large areas became necessary 


ee conditions not contemplated by the California Irrigation District Act. 4 
Accordingly, the California Water Storage. ‘District: Act was passed by the 
| of 1921 and the California Water Conservation District Act in 


4923. Under the: supervision of the State Engineer as provided in these Acts, 


ag | districts o of about 2300000 acres have organized to irrigate new — ‘and to 
the water r supply of other lands already under irrigation. 


— 


The great increase i in 1 productivity resulting from the Successful i irrigation 


the States of the Union in agricultural production. Without irrigation 
"a fornia would have reached its maximum production as long as forty years ago. 4 


At that time the greatest area “profitable to cultivate by dry-farming methods — q 
ey had been brought into use. it Through the last forty years, by the introduction a 
| 


a irrigation and without increasing the total area under cultivation, | the 
value of agricultural production in the State has increased ‘manyfold. 


ro In order that ‘progress 1 might continue -_uninterruptedly and that. agri- 


culture and other industries dependent on water might further 


to ‘the prosperity of. the ‘State, engineering investigational work concerning 


an? DEOL aaa 


available water supplies and their most advantageous utilization became one 


Of the ‘most important _ function ns of the State Office during the 4 


Tater years of ‘Mr. McClure’ administration. . This work produced the reports 


i on th e water  Tesources of the State - presented to the Legislatures of 1923 and . 
1995. . These reports ecntained the first, complete inventories of the waters of 
ke =, California and of the future needs for water in order to. accommodate the full a 


a We The culminating - report to this work was under preparation at the time of a 
Mr. M eClure’s death. This report will present to. the Legislature of | 1997 
plan for. co- -ordinating ‘the development. of ‘the State’ waters for all purposes, 


Beds and for equalizing the naturally - unequal distribution of such waters to the. end 
that all sections of the State may 1 receive their full quota. 


Parallel with this i immense program of irrigation development, the reclama- 


of overflow lands. the Sacramento and San J foaquin Valleys hhas also 


progressed rapidly. under legislation passed in. 1911. ‘The State Engineer’s q 


> 


er te Office has participated with the State Reclamation Board and the ‘California 
-Débris Commission, as provided in the legislation for the State supervision a 
of these projects. All t this work stands as monument to the administration 


= — one ‘of the m taint services rendered 


— - The assemblage of the large volume of ¢apital at low interest rates neces- — 4 B 
py to constr be works for irricating this area was made possible 4 
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Commerce, Herbert Hoover, ‘Hon, 


the | 


Fé, N. Mex,, on n November 24 of the same 
In a ‘etter to | the writers » Secretary Hoover states. 


“unceasing in interests of the State California was accom- 


~ panied by : a breadth of Vitis as to national interests which marked his char- 
acter at all times,” and. his engineering know edge and familiarity with all ay 
e the. faets bearing on the most difficult questions and his fine personality made a A 


him one of the most important members of the Commission. contro- 
ae * versies that followed the signing of the Compact ¢ at ‘Santa Fé were a constant 


of 
am source of concern to r. . McClure, and to his death he continued to lend his 


influence toward a. fair and equitable solution of what he ‘Tecognized to be a 


of importance to California and the. entire 


knew no mreater professional pleasure than 


considered economically or physically. Although n never apres 


official authority, he did not hesitate to exercise that given to him by law, and inh , 
would brook no subterfuge or dishonesty. His stand on ‘matters | before him 
was always based on his own ideas of right. Tt “was his nature to ‘side with | 


the smaller and weaker if convinced they were honest in: their endeavors, 


because of his total lack of self-interest he was always able to inspire loyalty — 


e ‘at and the u utmost effort araong ‘those working under h him. The: same fine 2 qualities — 

Ss that endeared him to his family and those of his organization, ¢ endeared him 
d 4 to all who came into friendly ‘contact with him. ° a 

Mr. McClure was devoted to his family. He was first married at Cando Pa. 
on August 1, 1882 , to ‘Sarah Hunter McCalmont, whom he met while -attend- 
7 ing the Normal School at California. There were four daughters of this mar- 


J. Ww. Mahoney, of Berkeley, Calif., Mrs. G. A. . Robinson, 
-Mereed, Calif. Miss Katherine McClure, of Sacramento, Calif » and Clara 
Clark McClure, who died i in infancy. Following the death of his first wife in 
_ 1915, he was married on October 9, 1916, to Margaret Alter, a friend of his BAS 4 | 
4 


Not only was: Mr. McClure devoted to his family, ‘but he entertained the 


deepest feeling for his fellow men. Almost invariably he was an an officer of his. 


bef his death, he’ was as also an officer i in the Young Men’s s Christian Association, 


All worthy canses appealed to his kindly sympathy, and. to these he was 
consistent and conscientious tither. gai hae. 


McClure was elected a Member of the American Society of Civil Engi- 
neers ‘on Novem ber 3, 1886, but resigned on “December 381, 1894. He wa 


¥ elected a a Member a.second time on December 14, 1 


® 
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was his desire to perform 
absolute fairness and justice. 
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institution he later became a Trustee. 


AUNCY RUSCH PERRY, M. Am. Soc, 


Chauncy Rusch Perry wae 
was the son of the Rev. John Philander and Emma (Rusch) Perry. : 
oyhood | was spent mostly i in New Ipswich, N. H., to which town his parents — 


removed while he was a a child. ‘preliminary education was obtained in 


public. schools of New Ipswich and the New Ipswich “Academy of which 


In June, 1890, Mr. Perry Engineering ‘Department the 


\ Boston Bridge Works where he remained for two years, ‘acquiring experience Sa 
in drafting and fitting himself for higher education. In September, 1892, 
entered the Lawrence Scientific School and. was g graduated therefrom i 
‘June, 1895, with the degree of Bachelor of Science. 
i For the next three years Mr. ‘Perry was employed by the 
- Commission under Howard A. Carson, Hon. M. Am. Soc. OC, E., first as SS 
Draftsman and later as Assistant Engineer on the design of the steel frame- _ . 
After an interval of eight years, during which 


he was with J. R. Worcester, art Am. Soc. C. E., Engineer, 


the Boston subways, tunnels, ‘stations, dealing not only with 

structural steel 1 framework, yf tunnel shields, etc., but also with reinforced 

For the of the last sixteen | ‘years of his life Mr. Perry was 

connected with J. R. Worcester. and Company, although at various times 

undertook independent ‘engagements. The latter included the. design of the a 
"reinforced concrete of the Germanic Museum of Harvard University and of 
the e Morgan Memorial i in Boston ; the design of the steelwork of the Provi- 


ence Armory; : study. of library stacks for the Library Bureau; 


buildings and crane tracks for the Hunt-Spiller Manufacturing Corporation, 
ia South Boston; the Squantum Destroyer Plant; Alameda Shipyards and Hog © 


“ay 


ihe Island Plant for the United States Navy; Fore River Battleship Yard; and _ 

4 an exhaustive examination of bridges of the United Fruit Company in Costa as 
Rica. He gave much thought to the design of tunnel shields, which were " 
used in the construction of various tunnels. 


_ Mr. Perry was married on June 21, 1896, to Helen Tuttle, who, with Be, 24 


and three sons, survives him. He had few interests outside his 


- home life and his work, although he was a violinist of ability and devoted Pa 
what spare time he had to music. He was a | persistent student and invest- a 
“igator, and delighted in solving complicated problems in his line of work. 

us His clear | reasoning .e and balanced judgment were relied on by his s employers 

a and associates when n difficult. was a faithful 


Memoir prepared by J . Am. Soc. C. 
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m OF ‘CLARK ‘(THOMPSON 


RAR 


carry into life the teachings of his religion. 


disposition and bearing Mr. Perry was modest, snd 
_ tolerant: of the shortcomings in a others, but firm in facing unpleasant situa- 


“His “nature was optimistic, ‘always looking for the cheerful 


wane 


features in every occurrence. mind ‘was ever active, acquiring inform 


tie tion of all kinds, which he was ready to share with others on every suitable — 
‘oceasion. Although connected w with the Society fo for | twenty-one years, he did d 


not attend its. meetings or take part in the discussions. — He did, however 


-yalue highly its publications ‘and made full use of the information 


_ Early i in 1926 he suffered @ severe attack of influenza from which he did 


oo PB 


of his death, which occurred without 2 a ‘moment warning on 3 une 24, 


ie Henry Clark Thompson was born in ‘Troy, N. Y., on September 26, 1861, 


the third son of Jc ohn Calhoun | Thompson, a Captain in t the Civil, Ww far, 9 


was the grandson of Daniel Thompson, a soldier of the American Revolution, 
a ‘lineal descendant of earlier ‘settlers in America. 
maiden name was Anna Thompson, was als 
family, not however related in any way to the Daniel Thompsons. aaa is mt | 
: am Of In th e early part of 1862, the City of Troy was partially | destroyed by a ee 


and the ‘Thompson family moved to New York, N. ‘At the ¢ of eight, 


erm Clark ‘Thompson went to live on his father’ 8 country estate ne near a 


N. but returned to be from a New" York public 


‘life, CO- operated to some extent. Butering the employ ¢ of Maclay and 


4 sy Civil Engineers and Surveyors, of New York, the boy made good to an excep-— 


on tional degree and, i n his nineteenth year, was placed in n charge of the build- E 


a eet twenty years of age the Western country lured him as it did many other , = a 
young men of the period, and he accepted an offer to serve as Assistant Engi- es 


neer on the construction of a Part of the new Denver, Western, and Pacific 


sst. Div. Engr., ot w. Depts, River Div., 


sft 
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4 different times, of many houses in New York, Mr. Thompson inherited a taste 
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rs * Memoir prepared by C. E. Chase, / IN. 


him back the appeal 
taking tangible and form of an offer to put the young engineer 
through college. was graduated from the Columbia School of Mines 


1886: The Faculty statements, still preserved, of his ‘Progress’ as a student’ 


{+ t — 
ou reveal that the high grades of “nitie” and “ten” ‘were not uncommon through- 


Immediately after graduation, Mr. ‘Thompson secured a position as Ast 


sistant ‘Engineer with the Suburban Elevated Railroad of New “York.” This, 


like his previous work, was He, sper nt fifteen months. in 


: ted’ a position as s Resident’ Engineer the Orange 
Mountain Land Company of New J Jersey, on $500 000 plan, ‘involving the 


layout and construction of ‘streets, sewers, and water supply. 


In 1889, Mr. Thompton reached the point’ where he “felt justified 


an ae going into business for himself: In the ‘decade which followed, during a few. 
4 


years of which very little was risked in enterprise, he yet found more 


than | enough to do. ‘His v work was. varied » including highways, b bridges, and 

pavements; water supply, sewers, and drainage; electric railway ; and the erec- 
i ion of sixty 7 or more buildings. ‘is Also | during this period, as 3 City Surveyor a 

as Engineer of the Tillage of Williamsburg, N. Y., he conducted surveys. 


rms and estates, laid out and monumented. 50 miles of city stre streets and i 


all 


vey eyed err t lots T i iyod aly 


a In 1900, | Mr. Thompson became Supervisor of Bridges and Buildings for aa 


1 


wed 
ending from Je jersey City, N. , to "| 
Y., and pero in _tesident charge of ‘maintenance for _twenty- four 
ake.’ 


years, until the time of his illness and death. 


was a railroad and civil engineer of calm judgment and marked Te 


source, as well as a man whose was valued and sought. himself, 

he desired no ‘wider field of effort than’ to remain of Service to his Company 

and its leading officers, and to set a good exam ple for his subordinates to 


follow. of his co- ‘workers, those who “were nearest to him 


d 
years ago, Mr. Thompson was te Ma ary Lay 


r 
Archer who, with their two children, a a son an 


was a | Royal ‘Arch Mason and a member of Eureka 
He also be longed to several railroad, engineering, and 


Mr. Thompson was a the American of Civil 
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— Railroad. When this work was’ well advanced, Mr. Thompson turned to + 

_another attraction of the same kind and contributed his share'to the building 
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FREDERICK. HOWARD TILLINGHAST, M. Am. Soe. C. conker 


rederiek Howard Tillinghast was born i in Providence, R. I., on September 

19, 1877. At the , age of twenty-one he was graduated from Brown University 

: with, the degree of Civil Engineer. The year following his graduation (QOcto- 
ber, 1899- Ju une, 1900), he a Post- Graduate. Course in Hydraulics and 
‘Sanitary Engineering at the Massachusetts Institute of Technology. gi 
‘Tillinghast’s first experience in engineering was in railroading. 
Be a worked on the 1 location, construction, and maintenance | of more than one line ee 
in the Eastern. States. Subsequently, he became connected with the United 

States Geological Survey as Hydrographer, making investigations of certain 


treams in} New York with, the Aden water foe 


In 1904, United States Reslanietion and was 


that service for a number of years 3. During this period he worked on the Belle 
Forche Irrigation Project in South ‘Dakota, on the } location, design, and con 


i struction of canals. He also r revised the cost accounting system of the ‘Project. 


After completing a few short a assignments Mr. Tillinghast was placed in charge 


of the construction of the East Park Dam on the Orland Project, California, 


a most important work with the Reclamation. Service, however, was on the ne 


Dam, Nevada. fo He with ‘the preliminary field 


for a ‘time in War ‘odnditiond: made busi: 
1 and, in 1918, he a position with Sutter Basin Company 


ordinarily years ago Mrs. “Tillinghast began to ‘ail i in 
o health and, in spite of the best medical advice, gradually became a hopeless 
invalid unable to help herself in the smallest degree. It seemed at this time 
as ‘if few men were more needed than Mr. ‘Tillinghast. His work occupied 


him during the day, and when that was done he ° went home to play | the part of r a 
nw urse. ‘His own own health during. the last months preceding his death ha not 
‘the best, "but. there was ‘apparently no occasion for 2 alarm. However, the 
end for him without a ‘moment? 8 warning. ‘Hei is ‘survived by his invalid 


wife and two sons, the elder of. whom i is married and lives i in Woodland, Calif., — 


while the younger has been 1 attending the Junior College i in ‘Sacramento, Calif. thee 


saf til thing to eulo a man after he has one, 


because Mr ‘illinghast was an Engineer and. had certain gifts or acquire- 


ents which are desirable in : a ‘member of that profession, it 1 befall be out 


Memoir prepared by 8 H, Reargncke, M. a Boo. E. 
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a of place to mention these, since they redound to his professional ‘eredi 


had the ability of mixing easily with all ‘classes of people and was on terms 


of familiarity with the men he “met in! his work, whether superiors, equals, or 
‘subordinates. This eift of friendliness gained for him the regard and confi- 
He had in no or 


yee commands the highest type of loyalty. 
in a@ more or less subordinate position, | he was known as “Tilly”, 


oh it is significant of the man’s own attitude that, after his appointment as Chief 
Engineer, no one thought it necessary t to eall 1 by any other name. 


He h 
in those ‘who worked for’ him, and how to shift part of th 


responsibility from his ‘own shoulders: to the shoulders of his : subordinates, — 
allowing them to find their own solutions to their problems. 


For his co- o-workers, fellow-members i in the Society, and a host. of others who ay 


 inew: and liked him, there is much sadness in the thought that a friend has 
departed and will never be heard from again. There is nevertheless a certain | 
satisfaction i in ‘the ‘opportunity to sketch thus briefly, the life of a plain engi- 
Ss neer, not the type of man who has made for himself a nation-wide a 


and rarely ‘even mentioned outside the small sphere of his own activities—one 


- or who has: had big work named for him, but the type that is never advertised c. 


who has gone about his work in a modest and conscientious m: manner, giving 
thought to his profession, and but little thought to ‘the gratitude o 


Mr. Tillinghast was ‘elected an Associate Member of the American 


of Civil Engineers on ‘May 1, 1907, and a Member on April” 1, 1914. It 
interesting to note that among those. referred to in his application are the 


names of A. P. Davis, and John R. Freeman, Past-Presidents, Am. Soe. 0. E., 
and F. H. Newell, M. Am. Soc. C. ‘Mr. Tillinghast. was a -member of both 


list JAMES HOLLIS WELLS, M. Am. Soe. €. 


repay. 


in England on August 3, 1864, ‘the son of 
Char Wells. ‘grandfather, Ridkard Hollis, was 


an in the King’s (ist) ‘Dragoon Guards and fought under 


. in the Battle of W aterloo. Later, he was Captain and Adjutant of the Grena- — ae 
The family came to America when James Hollis Wells was still a boy 


settled in ‘Bethlehem, Pa. He received his ‘education in the public schools 


3 of Bethlehem and in his early ‘manhood, taught in the Grammar Schools of . 
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Soath Bethlehem. “He: was graduntd received the degree of Civil Bngi- 


Wells was with ‘the Engineering of Bethlehem 
as. Assistant Engineer, and with the of 


ngineer for ES i s, General Contractors, ‘and in 1992 


for the Aspinwall and “Architects, on its: building 


1893 Mr. Wells becania with Mr. Vv. H. Ruseell. This 
nership was afterward merged into the firm and and, later, 
of ‘Wells, ‘Holton and George, Architects. ‘the time 

Colonel Wells was t the Senior ‘Member 


due to his close affiliation with the building was considered an expert 


‘in all questions of engineering, foundations, structural steel design, plumbing, | 


heating, details, methods of building, and similar work. 
Among the prominent buildings with | which he was identified, and in which 


“unusual conditions were encountered, the Hotel Astor, Hudson 


eat 4 


Buildings, Whitehall Building, Broad ‘Exchange Building, Apthorp Apart-— 


ments, Graham Court Apartments, Mutual Buildings, and 7 Tst Regi- 
et Armories, and Mecca Temple in New York; ; Imperial Building, 


; ‘Toronto, Ont., Canada; Humble Oil Building, Houston, Tex.; Whitney ‘oo 
a Bank Building, New ‘Orleans, La. ; Mutual Life Insurance Building, Cape 


‘Town, South Africa; and the Mutual Assurance Building, Life ‘nsurance 


vg Company of Virginia Building, and National State and City Bank Building, an ae 

Richmond, Va. In addition to his activities with his firm, he was 

Advisory Architect of the Elks National Memorial Building, ng, Chicago, Tl. 

~~ ud Colonel Wells was also appointed by Governor ‘Woodrow Wilson of New 
ersey i in 1913. as a member of the New | ersey” Bridge and Tannel Commis- 


sion, and served as Consulting Engineer of the United States ‘Treasury 
P. Department from 1914 to 1918, on the foundations of the Treasury Building — 
in New York, and the engineering and construction features of the Depart- — 
‘ment of the Interior Building at Washington, D. od .. oye of 
ae Het played : an important part in the business world of both New York and 
ta New Jersey. He was a Director of the Trust ‘Company of New Jersey, a a 
a member of the Executive Committee and Chairman of the Auditing Com- 
mittee of that Company. ‘He was also President of the Realty Company of 
New w J oreey, anda Director of the Colonial Life Insurance Company | of 


Colonel 1 ‘Wells inherited a love of military service from his distinguished — 
for x more than years in the National Guard 
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ment, N.Y. N. G., in 1892, v j » Co 
pany Bs 71st Infantry, i in December, 1892 ; Captain, in 1893; Major, i in 1898 


Colonel, i in n 1901; and Colonel, in 1917. nt He service with ‘the 


Batile of San J uan ‘Hill o on nJ uly 1, 1898. Later, he became Engineer. Officer 


He was a member of the American an Society of Mechanical Engineers ; the 


a. Engineers’ Club of New’ York; a: a member of the Board of Governors and Chair- | 


_ man of the House Committee of the Railroad Club of New York; member of — 
a the Carteret and Union League Clubs, of J ersey City, and the ies 


Club, of Richmond, Va.; | Past- -Master, Bunting Lodge, F. and A. M.; 
ber of Mecca Temple, A. AL N. M. Rite Masons; B 


= States, ‘and President of the National Guard . of the 
New ‘York. He was also Adjutant of the United States Rifle Team that 


iu 


won the Palma Trophy at Bisley, England, in 1903. 


In April, 1892, | Colonel Wells was ‘married Belle Porter White. They | 


a te one son, ‘Thomas Richmond ‘Wells. The family residence is in J ersey 


Nr City, where Colonel Wells was prominent in social and civic affairs, — Oe, 


+i mo on “2 
was buried in New York Bay Cemetery, J Jersey City. 
ee si orary pall- -bearers were former Governor John K. ‘Tener, of Pilate Gen. 


i, 


‘William C. Heppenheimer, and J oseph T. Fanning, Past Grand Exalted Ruler a 
the Elks. ‘Fifty- -six officers from the 71st Regiment, ‘New York, who were 


formerly under the command of Colonel Wells, attended ‘the funeral services, 
well as many representatives of the building industry 
Colonel Wells was elected a Member of the Society of Civil 
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Thomas Pengelly Ellis was born at San José, on October 22, 1884, 


a j to Denver, Colo., he entered the Colorado School of Mines, from which he was 
graduated i in 1907 with the degree of Engineer of Mines. ott 
While attending the School of Mines, Mr. Ellis was engaged a as Field a 
Office Assistant in the Engineer’ 8 ‘Office of the Denver ‘Tramway 


curves, , and ‘witches, He 
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Creek and Clear Creek Distric 8, Lok year in the State of Washingt 
— reek a , Ellis spent a y ton, and a8 
is graduation, Mr. El , Lake Washington, 
After his gr Island, La 
— sion Or a po m. Soc. €. 
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ontractor’ 8 Engineer i in re- grading work in Seattle. “After a few months of 


ppraisal work for the Denver Union Water Company, Denver, Colo., and in es 
ing and geological work in Clear Creek County, March, 1908, he 
ies 


@ we 


en red. the employ of the Bureau, of Engineering of ‘the City and County of ~~ 


- Denver, as as Draftsman on the design and assessments of street improvements, ae: 
& ‘Sewers, ete. In March, 1910, he was appointed Inspector of Construction on 


t part of the sewerage § system, and in October « of ‘that year was: made Division : 


Engineer in charge of highway improvements, which ‘position. he retained 
until ‘April, 1911. The occasion of | his" retirement from the Bureau o of 
on a of ethios was greatly to his. credit 


Water Company, a as Office Engineer, Field Engineer, , Engineer of Lond 


From February, 1918, to April, 1920, he. was as Resident Engineer 
for the Southern Division of Plants of the United States Shipping 


wee Ma ux,! 


y Ps In April, 1920 , Mr. Ellis became | a _— of Mr. D. A. Dickie in the 

Dick Construction Company and was engaged i in salvaging piling at the Lib- S 
ay erty Plant at Alameda, Calif. In the midst of these activities, he died fom 
pneumonia 27, 1920. He is survived by his widow and two 
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Mr. Ellis” of great ‘chien, high technical ability, ‘and held > 
‘steadfastly througho ut his career to the ethics of the Engineering 
In his young manhood he had ‘served as an artilleryman in the Canadian 
ia Militia and retained ‘throughout his life an alert military carriage. . Much 
i o his regret the development | of heart trouble prevented him from offering 
his services to his country in ‘the World War. As : itizen of San Diego, 
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